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ABSTRACT'
 
Innovation clusters have been studied and examined in many forms: ranging from qualitative observations to 
in-depth analytical models and frameworks to long-term studies tracking the actors and entities making up an 
innovation cluster’s ecosystem. Economic development marketing in municipalities, regions, and countries 
often make representations about their cluster’s strengths, yet rarely have strong empirical data to support 
and back their claims.  A wide array of cluster mapping visualization tools exist, yet most focus on aggregate 
numbers of “nodes,” and offer far less insights into their connectedness and relationships between the 
entities, the “edges” or links.  The focus for this thesis is a bottoms-up perspective, with people as the core 
drivers of innovation.   
 
This paper seeks to supplement existing methods, by implementing an innovation cluster density index (CDI) 
as an indicator, (“Cluster Rank”) enabling broader comparisons within clusters (intra-cluster), as well as the 
modeling of distributed virtual clusters (inter-cluster). This method proposes an empirical analytical 
approach, using complex network theory, commercially and open source available application program 
interfaces (APIs), and weighted network graphs as a framework, which integrates these elements to depict a 
new descriptor for clusters, the Cluster Rank.  Implementation of the method in software is outside the scope 
of this thesis, but is separately being developed and is defined as a software platform using linked data 
technologies to build it (“Cluster Rank Engine”). 
 
The proposed Cluster Rank Engine is people-centric, and takes into account the embedded network effects, 
of people, derived from network graph analytics.  It presents a bottoms-up view to intersect with the 
relatively top-down approaches currently in place.  It identifies five key attributes, the “Penta Helix” and uses 
these as the core variables in modeling. Development of such a model enables the use of big data methods 
and algorithmic tools on the Internet to interrogate large distributed economic global datasets, query and 
extract the relevant pre-defined cluster attribute data, filter and process it to present a deeper analytically 
comparative lens of innovation clusters; both in terms of urban innovation mapping, cluster heat maps, etc.  
This method would enable, for example, the comparison of a biotech cluster in Cambridge with that of one in 
San Francisco (“Global biotechnology clusters map,” n.d.), at discrete levels.  The Cluster Rank for each 
discrete innovation cluster provides additional data beyond traditional graphical visualizations.  Utilization of 
the Cluster Rank Engine across a wide range of clusters could then yield deeper statistically comparative data 
for a deeper understanding of cluster dynamics and cluster endurance over time, as well as serve as data input 
for a variety of graphical data visualizations.  (Berkhin, 2002) 
 
Utility for such a solution is multi-fold: as an economic cluster modeling and tracking tool, an innovation 
lens on a given sector or geography, and as a tool for urban innovation mapping.  At its fruition, it becomes a 
potentially predictive tool for network resilience and failure, to help better navigate decisions related to the 
growth of innovation clusters and/or the linking of remote clusters for a virtual cluster, to help make 
decisions for: resource allocations, partnership and contractual targets, angel and venture funding strategies.   
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Introduction'
 
The purpose of this research is to better understand innovation cluster dynamics.  The 
research shows a wide array of qualitative methods, and quantitative, as well.  Many of 
these descriptions, some considered classic, others more esoteric, provide deep insights 
into how clusters form, how they grow, how they produce innovation and new firms.  This 
paper considers three primary categories: a practitioner’s view, innovation cluster 
“humanists,” and more analytically driven research, with specific detail found later on each 
in the thesis. 
 
The focus in this paper is on Innovation Driven Enterprises (IDEs), those firms using 
innovation as their primary source to develop into large, material forces in the economy.  
This is in comparison to the creation and sustainability of SME (Small & Medium 
Enterprises).  
 
To quote Aulet & Murray: 
 
“Contrast SMEs with the IDEs we advise and nurture in the Massachusetts 
entrepreneurial ecosystem.  IDEs are focused from the beginning on addressing 
global markets. IDE entrepreneurs might well start out with a focus on a regional 
market, but only as a test bed for broader deployment of their strategy for a 
company that is likely to produce high levels of exports for the region. The 
entrepreneur is often part of a larger team and has some underlying innovation 
(e.g., technology, process, business model) that the team feels will give them 
competitive advantage as they enter new markets.  The entrepreneurs from the 
beginning value control less than being successful on a bigger stage – which could 
well mean that they make more money while having less control. The business very 
likely will require some investment to develop its competitive advantage, which 
will allow it to scale. The jobs created by this type of entrepreneurship are for the 
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most part “tradable jobs,” meaning that they could be moved to another region 
without killing the business. 
  
IDEs generally (but not necessarily) require individuals with much higher levels of 
education and training.  Biotechnology IDEs are usually founded, led and staffed 
by individuals with PhDs in molecular biology, MDs (physicians), and MBAs. Of 
course, as IDEs grow and succeed, they also create a wealth of auxiliary 
employment for those with lower skills – laboratory technicians, manufacturing 
staff, clinical trial managers, hospital workers, etc. Indeed, in Massachusetts, the 
governor’s office has calculated that for every biotechnology job created directly 
by a biotech-focused IDE, five auxiliary jobs are created.[2]” 2 
 
In evaluating the dynamics of innovation clusters, this differentiation is critical.3  The 
method posed by this paper, the Innovation Cluster Density Index, (“Cluster Rank”), 
uses this differentiation as a framework for derivation of relevant variables and 
components affecting cluster dynamics. The link between cluster dynamics is deeply 
relevant, in that an innovation cluster dynamic is an ecosystem focused on the 
development and sustainability of its members.  Although SMEs could and do benefit 
from innovation clusters, the needs of an IDE are different, with an innovation cluster 
well suited as an environment for those needs to be best met.   
 
Generally, innovation cluster analysis has been seen as a tool to architect and design 
economies, drive higher technology innovation growth, produce products and solutions 
for the world’s economies, and generate gainful and productive employment and 
security for citizens.  In today’s world, with large problems to solve, it would seem that 
the development, nurturing, and growth of global innovation clusters would be a 
primary objective for governments seeking to provide solutions to the wide range of 
problems, e.g., climate change, urbanization, clean food and water, eradication of 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
2 (Aulet & Murray, 2012) 
3 (Aulet & Murray, 2012) 
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diseases, etc.  It seems intuitive that innovative technology solutions from firms will 
drive value-add for populations, and produce economic sustainability.   
 
Yet, there is still a lack of discrete clarity in understanding the right mix of ingredients, 
the actors levels of engagement, and how a multiplicity of factors interrelate to deliver 
the end result: new firms and economic growth.  Economic growth is often seen as a 
panacea for regional and national issues.  Yet, how does one make it happen?  How 
does one invoke it?  Can it be driven top-down by governments and municipalities?  
Can it incubate on its own, as a bottoms-up organic process?  What is the right blend to 
increase the odds of success?   
 
This thesis proposes that there is still need for a method to more deeply understand the 
relationship dynamics that exist inside of, and between clusters, that enables some to 
prosper, while others do not.  There may be no panacea that can irrevocably answer the 
following questions: Is there a secret sauce?  Is it merely a matter of placing the proper 
ingredients together and results appear?  If we build it, will they come?  However, is 
there a new method to consider in our analysis of innovation clusters?  Is it possible to 
embrace and extend the current state of the art analytic techniques for cluster study? Is 
it possible to deploy graph theory with the utilization of big data on the Internet to 
derive a new form of inquiry for innovation cluster dynamics?   
 
This thesis proposes a method that helps further the analytical understanding of the 
dynamics and complexities of this important topic.  The method is designed to time-
step its analyses, whereby at early stages it will provide a new and different descriptive 
lens for innovation clusters.  Over time, as defined in the Future work section of this 
thesis, it may be possible to analyze clusters at various time steps.  This would then 
make possible efforts to further understand and develop correlations to causality 
between the Cluster Rank indicators, deepening our diagnostic abilities.  
 
The proposed method is focused on a need to more deeply understand innovation 
cluster dynamics.  Its utility is in multiple areas, e.g., having an analytical method to 
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help isolate and examine specific ecosystems and clusters would inform many of the 
decisions being made by not only policy stakeholders, but also investors, and 
entrepreneurs.  There is a plethora of news and related hype, yet little of it is backed up 
with references to solid data, regarding “hot” places to be for recruiting great talent, 
startups, etc.  A recent example is the article, “Where Should you Launch Your 
Startup?”4 in Forbes (4/22/2013): 
 
“There is a lot of buzz lately about entrepreneurship hotspots across the country. 
We hear about successful startups in many places, from Austin, Tex., to Reston, 
Va. What does this mean for entrepreneurs? If you’re launching a startup, does it 
really matter where you locate? 
 
Yes, it does matter. If you’re starting out, it’s by far best to be in either Silicon 
Valley or the Boston area. They remain the hottest centers of entrepreneurship and 
venture capital, so you’ll be in an inherently supportive ecosystem where 
entrepreneurship is as natural as drinking water.” 
 
Similar articles exist proclaiming the “hot” sectors in Berlin, London, etc.  Mashable’s 
article, “Can Berlin Replicate the Silicon Valley Model?”, again, applies largely anecdotal 
comments in its view of Berlin’s tech scene: 
“But what defines a city cluster, and how is Berlin differentiating itself from those 
two cities and the oft-repeated Silicon Valley model? 
The creation of a successful tech district relies on many aspects: great campuses, 
scope for commercial expansion, a large population, a strong work ethic that can 
speak many languages and "reasonable" costs. 
Social media monitoring company Brandwatch (based 50 miles south of London in 
Brighton) recognized that Berlin had all of these qualities and more. The company 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
4 (Kane, n.d.) 
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chose to open an office there over three other potential European cities: Paris, 
Madrid and Sofia. 
"Surprisingly, cost was near the bottom of our list in terms of weighting," says 
Brandwatch CEO, Giles Palmer. “Berlin has great development talent, and we 
didn't have to ask twice for volunteers from the UK to go and run the new Berlin 
team — and that wasn't just because Berlin is a cool city.” 
 
There are other important aspects to Berlin’s rise as a cluster. While it may 
currently rank below London and Moscow in terms of (admittedly positive) 
government support, through Tech City and the Skolkovo Foundation, respectively, 
Berlin's lack of support may prove an advantage.”5 
 
Yet, none point to solid cluster data to support the case.  Often, if one digs deeply, you will 
discover that the source of the article or news is a local or regional economic development 
agency, hyping its ecosystem.  Clearly, broad generalizations have become the vernacular 
in “innovation-speak,” and it would be helpful to rationalize it and support it with more 
solid underlying data.  Research found one MIT thesis writer focusing on the importance 
of networking effects for startups, whose research formed part of the value proposition for 
the Cambridge Innovation Center, although this research was less analytically driven, with 
a deep focus on interviews.6 
 
All of this leaves entrepreneurs and firms to make strategic decisions on little data.  There 
must be a better way to sift through the wealth of economic and cluster data that exists, to 
help make better strategic decisions on place, people, funding, etc.  This is the purpose of 
the research in this thesis: to assess and propose a model that will be valuable in this kind 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
5 (“Can Berlin Replicate the Silicon Valley Model?,” n.d.) 
6 (Stalder, 2010) 
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of economic decision-making,  to not only integrate the disparate data7, but to  analyze its 
relationships, so as to provide a deeper understanding.   
 
Ultimately, we are seeking not only the descriptors of innovation, but also a much deeper 
understanding, as Rudyard Kipling reminded us in the early 1900’s, 
 
“I keep six honest serving-men 
(They taught me all I knew); 
Their names are What and Why and When 
And How and Where and Who.”8 
 
If the work of this thesis can better help explain what, where, and who; perhaps we can use 
it as a stepping-stone to when and why.  Clearly, today’s technologies, particularly those 
associated with social networks, geo-location, and mobility, can shed light on the what, 
where and who.   
 
It could be argued that the “what” has been largely documented, from Marshal to Porter, to 
Florida, Stern, and Murray.  All of these fall in the realm of “descriptive,” with some 
developing deeper correlations indicating causality. It will be of immense value, if in some 
way this work can contribute to the next generation decisions that deepen the 
understandings of causality, and then navigate us into the realm of both “diagnostic,” and, 
“prescriptive.”  At the very minimum, the aim of this work is to provide a diagnostic level 
of analysis for cluster dynamics, and at-large, economic development. 
 
As such, this view is more toward the when, the where, the why- in terms of innovation 
clusters.  “The critical questions, then, are why and where. Why despite a century of 
predictions to the contrary and the development of technologies for overcoming distance, 
does localization remain and even thrive?”9 
'
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
7 Disparate data is referenced in the sense that there is a wealth of data available, but not integration of the 
disparately located data, be it in open data repositories, e.g., data.gov, or proprietary systems, e.g., 
LinkedIn.com. 
8 (Kipling & Delessert, 1972) 
9 (“johnseelybrown.com: chief of confusion,” n.d.) 
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Innovation'Clusters:'Definitions,'Context,'and'Complexity'
 
To understand innovation cluster dynamics it makes sense to provide some fundamental 
definitions to help frame a review of the literature.  At a basic level, it is helpful to clearly 
define a meaning for innovation:  
 
“According to the U.S. Department of Commerce (2008), innovation is “the design, 
invention, development and/or implementation of new or altered products, services, 
processes, systems, organizational structures, or business models for the purpose of 
creating new value for customers and financial returns for the firm.” Other authors 
offer similar definitions, including the Federal Reserve Bank of St. Louis (2007), 
which defines innovation as “taking something established and introducing a new 
idea, method or device that creates a new dimension of performance” and adding 
value.”10 
 
Further, contemporary clusters have tended to be researched and studied predominantly 
through the lens of Michael Porter’s seminal 1990’s work, “The Competitive Advantage of 
Nations- 1998.”11  Implicit to the understanding of Porter’s work is the much earlier work 
done in the early 1900’s by Alfred Marshall, the founder of the Cambridge School of 
Economics.  Marshall’s work on agglomeration is the forefather of Porter’s work, in that it 
touches on elements related to clusters, co-location of firms, and the advantages thereof.   
 
Porter’s definition of a cluster, verbatim, is: 
 
“A cluster is a geographically proximate group of interconnected companies and 
associated institutions in a particular field, linked by commonalities and 
complementarities.  The geographic scope of a cluster can range from a single city 
or state to a country or even a group of neighboring countries.  Clusters take 
varying forms depending on their depth and sophistication, but most include end 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
10 (Slaper, Hart, Hall, & Thompson, 2011) 
11 (Porter, 1998) 
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product or service companies; suppliers of specialized inputs, components, 
machinery, and services; financial institutions; and firms in related industries.  
Clusters also often include firms in downstream industries (i.e. channels of 
customers); producers of complementary products; and specialized infrastructure 
providers.  Clusters also often involve a number of institutions, governmental and 
otherwise, that provide specialize training, education, information, research, and 
technical support (such as universities, think tanks, vocational training providers) 
and standards-setting agencies.  Government departments and regulatory agencies 
that significantly influence a cluster can be considered part of it.  Finally, many 
clusters include trade associations and other collective private sector bodies that 
support cluster members.”12 
 
Marshall’s work13, for all its groundbreaking depth and relevance, offers insights into not 
only the growth of clusters, i.e., “industrial districts,” but also to their demise.  This is 
relevant in that Porter’s work often is criticized for its lack of analysis of the actors in the 
economy, the actual people and entrepreneurs who are the real DNA for innovation and 
entrepreneurialism.  80 years ago Marshall spoke to the network effect of technology 
transfer, in his explanation for the demise and collapse14 of various British industrial 
districts.   
 
It has also been noted that excessive clustering agglomeration has its down sides.  This 
writer has direct experience (as founder/CEO of several startups, two of which culminated 
in Silicon Valley M&A events with Netscape Communications and Oracle- both of which 
required relocation to Silicon Valley for the founding firms and employees) in the “not 
invented here” (NIH) effects which develop in Silicon Valley, remarkably similar to the 
Marshallian observation of Victorian superiority.  This has been documented as well by 
Griffith, Yam & Subramaniam’s paper, “Silicon valley's ‘one-hour’ distance rule and 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
12 (Porter, 1998) 
13 (Marshall, 1919) 
14 “The exhaustion of the original conditions, and the ill conceived Victorian heredity of believing themselves 
technically superior to any international competitor, meant that local entrepreneurs missed the radical change 
of global competitive conditions whose consequence, in the absence of any positive reaction, was the 
unceasing collapse of the Lancashire district and of many British industrial districts.” (Belussi & Caldari, 
2009) 
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managing return on location.”  These writers documented the positive impacts of 
geographical clusters, but also discussed a variety of downside effects as well.15 
 
Despite the academic advancements made by Porter, and its influence on a wide range of 
nation’s policies, it also has its critics.  
 
One writer, discusses how Porter has “gate-crashed the economic policy arena when the 
work of economic geographers on industrial localization, spatial agglomeration of 
economic activity, and the growing salience of regions in the global economy, has been 
largely ignored.”17  This is relevant in the context of this thesis, as a case could be made 
that large regional and national policy and funding decisions have been made based on 
Porterian thinking, yet the deep influence of the factor conditions has often been 
overshadowed.  A purpose of this thesis is to shed more light on a key factor condition, the 
actual people, bottoms-up, who drive the innovation. 
 
There is clearly a pushback in academia regarding the rapid ascent Porter made with his 
cluster emphasis.  Underlying this pushback may be a certain degree of envy, as clearly, 
Porter and his collaborators have achieved a high degree of esteem and recognition for 
their work.   
 
All the same, a deep read of Porter’s work on clusters does illustrate a lack of “connective 
tissue” analytically, specifically at the bottoms-up actor level, generally implied as a factor 
condition.  The Cluster Mapping Project18 (CMP) is an effort to aggregate a large amount 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
15 “However, assessments also show a downside to the e!ects of geographical clustering. We believe there 
are three basic tensions. First, a concentration of economic activity will be followed by a concentration of 
labour and infrastructure (Zook, 2002). That can make the networks easier to manage (e.g. Owen-Smith and 
Powell, 2004), but may also create costs. In the recent boom period of Silicon Valley, the workforce gap (the 
gap between needed and available job candidates) was found to be around 39%. This gap resulted in 
incremental costs of $6 to $7 billion annually (Madan et al., 2002) – costs for moving people to the region, 
higher real estate costs, and cost of living. Second, group or innovation success relies in part on informational 
diversity (reviewed in Gri"th and Neale, 2001). Organizations or networks reduce their diversity and 
possibly their long-term innovative capability when they draw from similar populations. There are benefits to 
networking diverse companies and cultures and yet clustering industries works against this. Third, some good 
prospect firms may simply not want to move.” (Griffith, Yam, & Subramaniam, 2007) 
17 (Breschi & Malerba, 2005), p. 434 
18 (“New Cluster Mapping Project Helps Companies Locate Facilities — HBS Working Knowledge,” n.d.) 
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of data, pursuant to the descriptions of a cluster.  In this writer’s view, it works well at a 
descriptive level, but does not have a method to “connect the dots.”  Using the lens of 
network graph theory, it could be observed that the CMP does a fine job of identifying the 
nodes of innovative economic activity, but does little to represent the edges.  These 
“edges” are, precisely, the connective tissue, and represent the connecting of the dots, e.g., 
the nodes.  The CMP also mirrors one of the common Porter critiques about the absence of 
the actors in the story, the lack of representation of the people who are the “doers” in the 
creation of clusters and economies.  This gap is precisely what the Cluster Rank Engine 
method hopes to achieve by factoring in the social/business graphs of the actors, whom, 
when they interact, define the “edges.”  By doing so, and utilizing network graph theory, a 
different analytic can be developed to more deeply define the role of the individual, the 
actor, in innovation cluster dynamics. 
 
In this regard, the Porter lens could be viewed as very top-down structurally.  It establishes 
the elements in its Five Forces model and discusses their relationships, but makes no effort 
to deeply describe those relationships, or, the people who facilitate them.  It is this writer’s 
view that there is ample opportunity to not debunk Porter’s efforts, but more so, to build on 
them, bringing in data from the bottoms-up, in support and/or validation of his theories.  
As with the theme of this thesis, the case is made, as well, that technologies exist today to 
do this, using Big Data, business social networks, and linked data algorithms, to build a 
bottoms-up graph-based view of these dynamics.  These techniques are elaborated on later 
in this thesis.   
 
In short, central to this thesis is the ability to help answer the question, “But what about the 
people?”  This is core to the bottoms-up method proposed, and its utilization of 
decentralized network data to form a view on the interactions and relationships at the actor 
level, on the ground.  A better understanding of this factor can then deeply inform the 
factor conditions inherent to the Porter model.  
 
Critics have also identified this gap.  One paper boldly takes this issue on front and center, 
“What Was New About the Cluster Theory?: What Could It Answer and What Could It 
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Not Answer?,” by Yasuyuki Motoyama19.  Motoyama’s conclusions boil down to the 
following: 
 
“Although it was one of the core arguments, the cluster theory has been shown to 
be weak in explaining how to develop the interconnectedness or network aspect 
within a region. Whereas we have known that externalities and knowledge 
spillovers are critical for innovation and regional growth, we still know little about 
how exactly that happens. At this stage, the cluster theory lacks any analysis of the 
internal organization of a business enterprise (Best & Forrant, 1996).20 [underline 
by this author] 
 
Porter himself readily admits in a 2007 interview that “knowledge capture,” i.e., actors 
engagement with each other, is not the highest thing on his research agenda- 
 
“The basic notion of knowledge creation within organizations is very important 
work. It’s part of the body of learning about how firms can improve and enhance 
their performance over time. Right now, it would be hard to argue a direct  
connection between that work and strategy. The core notion of strategy is about 
being unique, about being different in some way to gain competitive advantage. 
Therefore, there is no one kind of knowledge creation or knowledge capture that is 
relevant because it all depends on your strategy. I see this approach as 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
19 (Motoyama, 2008) 
20 Motoyama goes on to detail his critiques: “The first major limitation of the cluster theory is its notion of 
regional competitiveness and specialization. It is not yet clear how regions compete or gain competitiveness. 
The second limitation is at the empirical level—that is, concerning geographical boundaries and industrial 
ambiguities. More trouble comes when analyzing the core of the theory, the interconnectedness within a 
cluster. Input–output tables are one of the few tools, but determining the threshold for a decent or high level 
of interconnectedness among identified sub industrial sectors is a subjective process. Virtually all industrial 
sectors have some form of transactions with one another; having a transaction is merely a satisfactory 
condition to identify a strong linkage. Furthermore, input–output tables capture only monetary transactions, 
not the critical part of interconnectedness: firm rivalry and collaboration, Marshallian externalities, and 
knowledge spillovers (Hanson, 2000, p. 481; Swann, 2006). Scholars in the field frequently argue that such 
externalities and spillovers are the key to promoting the growth of a region (Saxenian, 1994; Storper, 1997), 
which means that the cluster theory, as it stands today, does not measure this integral part of regional 
development. Given these difficulties in empirical identification, most efforts to quantify clusters end up as a 
regrouping exercise with industrial codes.” (Motoyama, 2008) 
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complementary. In my own work, I have not paid much attention to this literature 
because it is not on my immediate agenda.”21 (underline by this author) 
 
Porter:'To'Embrace'and'Extend'
 
It is proposed in this paper that these connections can be brought forth more explicitly, and 
used as new factors in building upon Porter’s, and others, work.  It is also postulated that 
connections between actors and a degree of their inter-relationships is today discoverable 
on the Internet, measurable, and quantifiable: via a combination of large data sets, some 
open, and some proprietary.  It is the view of this writer that Porter’s work, including the 
extensive Cluster Mapping Project22, can be used as a data input to solve the empirical and 
interconnectedness issues discussed by Motoyama.   
 
These relationships can be learned using a variety of techniques and methods, largely 
influenced by linked data techniques, and the maturation of the data sets brought forth by 
the wide adoption of social networks.  These techniques and methods shall be discussed in 
the Research Method and Model Design section of this paper. 
 
Porter’s insights into competitiveness effectively render the actors as implicit players in the 
firm, implementing the organizations strategy, as manifest through its fundamental 
activities23.  As such, it can be observed that the Porterian model has room for both a more 
direct correlational tie, to the relationships of the actors, and even a causal tie, if a robust 
method can be developed.   
 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
21 Interview with Michael Porter: (Stonehouse & Snowdon, 2007) 
22 (“New Cluster Mapping Project Helps Companies Locate Facilities — HBS Working Knowledge,” n.d.) 
23 “In Porter’s value chain framework, the activities of the organization are divided into primary and support 
activities. Primary activities (inbound logistics, operations, outbound logistics, marketing and sales, and 
service) are those that directly contribute to the production of the good or services and its provision to the 
customer. Support activities (firm’s infrastructure, human resource management, technology development 
and procurement) are those that aid the primary activities but do not directly add value 
themselves.”(Stonehouse & Snowdon, 2007) 
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A'Contextual'Framework'for'the'Breadth'of'Cluster'Research'
 
The research basis on innovation clusters is broad and deep, its review far beyond the 
scope of this paper.  However, there are a collection of researchers and practitioners 
deemed most relevant for the literature review purposes and the context of this thesis.   
 
Specifically, the following key sources are suitable for informing this thesis, organized by 
this writer into three main categories: 
1. A Practitioner’s View: 
2. The Innovation Cluster “Humanists”: 
3. Toward an Analytically Empirical Network Model 
 
The three category groupings defined by this writer serve to highlight some key points: 
 
1. People matter: To move beyond a Porter-view of innovation clusters it is essential 
to drill down into the actual actors, those individuals in their respective roles.  A 
Five Forces24 type of analysis provides a framework for understanding the 
structural dynamics of an innovation cluster, but it gives little sense of the “people” 
issues that may make or break the formation of the innovation cluster.  Thus, 
finding a method to integrate the qualitative research to further advance the current 
thinking is a goal.   
2. What makes them tick?  What motivates them?  How do they interact?   
3. In short, using the power of the Internet, and big data techniques, we can identify 
the actual actors, the “nodes” in the graph.  If we can identify their connections: 
between each other, their universities, their investors, their firms, partners, etc., the 
“edges” in the graph, we can then develop a method to deeply establish the role and 
power of the individual actors in the development of economic ecosystems, and, 
innovation clusters.   
4. Upon doing this, we will have a fuller and deeper vision of what innovations 
clusters are, and will not only be able to describe their attributes at a much more 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
24   (Porter M.E., 2008) 
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granular level, but also potentially be able to provide prescriptive measures to 
enhance their growth.   
 
The following provides a summary overview of each category, followed by an integrative 
analysis of the utility of the approach, as it applies to analyzing, documenting, and 
prescribing methods for innovation cluster dynamics.   
! '
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The'Practitioners'View:'A'Case'Study'
The'McKinsey'ModelJ'The'case'of'London'Tech'City'
!
Starting with a practitioner, McKinsey & Company25 has built a global consulting 
reputation consulting on innovation, clusters, and strategy.  The firm was the architect of 
the current efforts in East London, formerly known as Silicon Roundabout, and now re-
branded as Tech City.  The report, “East London: world-class centre for digital 
enterprise26,” March 2011, illustrates the cluster modeling and methodology employed by 
McKinsey.  The McKinsey effort for Tech City represents a classic top-down 
governmental effort to catalyze and invoke a high technology innovation cluster.   
 
As a model, it is useful to observe McKinsey’s method in describing a cluster, and how the 
firm uses its representations to craft both a descriptive and prescriptive solution for East 
London.  It is useful to consider a McKinsey report for London Tech City, as it illustrates 
the range of observations and description they provide, as well as the manner in which the 
firm frames its recommendations.  In summary, the analysis for Shoreditch/East London, 
made the following case27: 
 
1. “There is a clear economic rationale for supporting the development of the 
technology enterprise cluster in East London 
2. Studying international examples helps to identify pre-conditions for successful and 
sustainable clusters 
3. There are significant opportunities to improve the enterprise eco-system in East 
London – with roles for government, Higher Education Institutions (HEIs), the 
corporate community, investors and the entrepreneurs themselves 
4. But, as development of East London progresses, there are lessons to be learned 
from other clusters, in six primary areas:  
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
25 (“McKinsey & Company | Home Page,” n.d.) 
26 (McKinsey & Company, 2011) 
27 The following 4 elements and 4 main areas is directly quoted from the report, “East London: world-class 
centre for digital enterprise27,” March 2011.  (McKinsey & Company, 2011) 
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a. Recognising (and communicating) the timescale needed for success: this is 
not a quick fix  
b. Recognising the appropriate level of commitment, and avoiding both over- 
and under-investment  
c. Taking care with the threshold requirements for companies to qualify for, or 
participate in, initiatives, so as not to exclude those organisations that could 
benefit most  
d. Considering, and reviewing, the location and target sector for the cluster  
e. Not focusing solely on local development, but considering international 
dimensions  
f. Considering how to maximise the economic benefit of the cluster for the 
UK as a whole  
5. Establishing the conditions for Presence, Connectivity, Capability and Support 
requires the commitment of a diverse group of stakeholders. It is the melting pot of 
roles, sizes, scales and ambitions that will lead to distinctiveness in East London.”28 
 
Following this positioning, the firm provides its version of a framework to guide a process 
on innovation cluster implementation in a large urban environment.  Upon review, the 
focus seems to be on a combination of stocks and resources, but also focuses on the 
connectivity, i.e., the links in the network providing the flow of information.   
 
It focused on four main areas: 
1. “Presence:  
a. Active promotion and outreach – co-ordinate the promotion of the East 
London opportunity to entrepreneurs and investors in the UK and overseas 
b. Market stimulation – fuel the digital marketplace in East London 
c. Competitive infrastructure – ensure the physical infrastructure is worldclass  
2. Connectivity: 
a. Accessible internal business and social networks – create a single point of 
access to the existing local people and skills networks 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
28 (McKinsey & Company, 2011) 
 29 
b. External collaborations – improve collaboration with academic partners 
3. Capability: 
a. Distinctive pipeline of talent – encourage more people to set up start-ups in 
East London and facilitate the talent flow within the cluster 
b. Practical, applied business and management training – establish a practical 
training programme in East London to teach founders the core business 
skills required to start, manage and scale a venture efficiently and 
successfully 
4. Support: 
a. Accessible financing – improve access to growth capital 
b. Favourable policy/regulation – review the regulatory environment for tech 
start-ups”29 
 
The cited report offers little actual quantitative data to support its case.  An array of 
anecdotal observations were presented, and then presented in a conclusion with a proposed 
way forward (the four main areas, discussed above): 
 
• Its Exhibit 2 illustrated the amount of digital startups in East London, illustrating 
that 41% (73 firms) were in “tech,” and that 59% (103 firms) in “Media and 
Design.”   
• The report followed with narrative from interviews with startup entrepreneurs in a 
mostly anecdotal and qualitative vein.   
• It followed its premise with a nod to the forefathers, “The concept of “economics of 
agglomeration” and the benefits of “localised industries” were first identified by 
Alfred Marshall in 1890 – essentially, that economies of scale and network effects 
promote the co- location of firms. Clusters have since been defined by Michael 
Porter as “geographic concentrations of interconnected companies and institutions 
in a particular field.”   
• It went on to produce some visualizations of international clusters (Report Exhibit 
5), representing “cluster momentum” with a single node variable, the amount of 
patents granted from 1997-2006, in the selected geography.   
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
29 (McKinsey & Company, 2011) 
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• Additional data was collected to represent (a) the amount of coworking space 
available (Exhibit 10), (b) transportation infrastructure (Exhibit 11), (c) lack of 
network bandwidth infrastructure (Exhibit 12), (d) amount of network events 
observed (Exhibit 13), (e) UK residents proclivity toward entrepreneurship (Exhibit 
15).   
• The report goes on to anecdotally discuss other cluster geographies, e.g., the 
Cambridge Network (Report Exhibit 6), Munich (Report Exhibit 7), Singapore, and 
Finland.   
 
Interestingly, the report made no explicit mention of a tech cluster’s advantage in being 
located adjacent to substantial research universities.  In a later article, London’s Rohan 
Silva, a senior policy adviser to David Cameron stated, "There is still not a world-class 
computer science university in east London. I think that's something the ecosystem needs. 
There are also some transport things we can look at: high-speed rail links to Europe, links 
to City Airport and links to other clusters such as Cambridge."30 In the same article, John 
Lilly of Greylock partners, pointed out that "tech hubs are rarely created by governments." 
In fine UK competitive fashion, a recent article from the Financial Times (FT), makes note 
of the innovation cluster startup scene in Edinburgh, closing with a quote from an 
Edinburgh tech founder & CEO,  
" …he explains why the city is attractive to entrepreneurs. As well as a healthy 
angel investor culture, there is the infrastructure of a capital city with good 
transport links and the intellectual liveliness of an ancient university city. Finally, 
he declares, Edinburgh’s rugged beauty makes it a more appealing place to build a 
fast- growing business than the UK’s other digital start-up clusters.  He gestures out 
of the window at the majestic view up to Edinburgh castle. “Who needs Shoreditch, 
when you can have this?” he asks.31 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
30 Tech City: two years in, how is east London's technology hub faring? 
David Cameron launched his vision for a cluster of high-growth startups in the capital two years ago. Rohan 
Silva, the man responsible for implementing the initiative, talks about progress so far.  (“Tech City: two 
years in, how is east London’s technology hub faring? | Technology | The Observer,” n.d.) 
31 (“Scotland’s tech start-up capital - FT.com,” n.d.) 
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McKinsey’s efforts were not unrewarded.  It’s certain the firm was paid a substantial sum 
for its report.  The power of the UK Prime Minister’s office at Number 10 Downing Street 
provided substantial support, announcing McKinsey as its architect.32  To date, the effort 
has most certainly generated a buzz factor and a growing awareness of the London Tech 
City scene.  As of March 20, 2012, London had invested over four million pounds (GBP) 
in promotional budget for the initiative33, with backing from the UK Trade and Investment 
organization.34  The Wall Street Journal has also been critical of the initiative, citing a 
report from the Tech City Investment Organization (TCIO).35  The use of McKinsey & 
Company, and other top tier consultants, is a much-used tactic for firm-level senior 
management to effectively objectify and/or rationalize its goals and methods.  Using 
McKinsey at a senior governmental level is a similar strategy, although its efficacy for 
innovation cluster projects is limited, particularly at policy levels.  Fornahl, Henn & 
Menzel’s work, “Emerging Clusters: Theoretical, Empirical, and Political Perspectives on 
the Initial Stages of Cluster Evolution”, points out that, “there is a general skepticism 
towards the transferability of cluster policy experiences made elsewhere and hence towards 
the potential for interregional policy learning in general.”36 
 
As a case study, this illustrates some basic points: 
 
1. Journalists don’t source referenced and relevant data to make their claims.  Yet, 
these claims can actually drive the perception dynamics of an innovation cluster, 
potentially driving more interest there.  This observation is important in the sense 
that there is research on “interest networks,” and how they can create reinforcing 
loops around an idea or area.37  Future research for this thesis could test for 
correlations between this interest network effect, and that of the people/actors.  
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
32 East End Tech City Speech, Thursday 04 November 2010, “So McKinsey and Company, one of the 
world’s leading strategic consultancy firms, has agreed to share its expertise in establishing this technology 
cluster and help start-up companies in the area grow into global giants.” David Cameron, (“East End Tech 
City speech Number 10,” n.d.) 
33 (“Speech by the Chancellor of the Exchequer, Rt Hon George Osborne MP; Google Campus launch - 
Speeches - Inside Government - GOV.UK,” n.d.) 
34 (“Tech City costs government £4m | ZDNet,” n.d.) 
35 (“Report Questions London’s Tech City Initiative - Tech Europe - WSJ,” n.d.) 
36 (Fornahl, Henn, & Menzel, 2010) 
37 (Ma, 2012) 
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This will become more apparent in the discussion later in this thesis on developing 
the People Graph, a representation of the actors in the innovation cluster.   
2. Even McKinsey doesn’t source and make deep use of referenced and relevant data.   
 
As far as this case goes, this is not to say that there was not strong data.  One of the most 
in-depth research pieces on Tech City is a Demos study, “A Tale of Tech City: The Future 
of Inner East London's Digital Economy,”38 which may be periodically updated to 
represent results of the initiatives.  The Demos study was deeply researched, much deeper 
than the McKinsey work, and perhaps depicts the best real time capture of what Tech City 
was before the government initiatives.  Of course, there are slews of naysayers, particularly 
in the UK press39.  The fact that there is a shortage of tech talent to fuel Tech City’s growth 
(see Rohan Silvan’s comment on computer science universities in London) may be a driver 
behind two early indicators of “mission shift,” or to use a software development term, 
“feature creep:” (a) Joanna Shields, CEO of London’s Tech City Investment Organization, 
instead of drilling down an focusing on the original charter, has expanded her mission to 
the entire UK40, and, (b) actual patent output, often taken as a proxy indicator for 
innovation, is actually down in the Tech City cluster, on a year-by-year basis, since 2010.41  
Each of these facts point to the delicacy in trying to top-down “manage” a cluster’s 
development, versus the bottoms-up organic growth approach.  There is no easy answer.   
 
In sum, a key take away from this case is that even with the work of a world class 
consulting firm, and the power of the press, policy decisions, funding decisions, and 
strategy decisions are being made, in the face of little data.  The ability to establish a 
Cluster Rank for regions and clusters would give a comparative data point for strategists 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
38 (Nathan & Whitehead, 2012) 
39 “Watching politicians trying to promote technological innovation is like observing a group of maiden aunts 
trying to persuade the local teenage layabouts to take up yoga. The poor dears mean well, but they really 
have no idea what they're doing. And in terms of achieving their goals, they'd be better off sticking to 
knitting or whatever it is that they do best. Politicians are desperately keen on "innovation" for a variety of 
reasons. They think it's cool and progressive and puts them on the right side of history. It promises to bring 
growth and prosperity either to their constituency, or to marginal ones, or to both. It impresses the prime 
minister. It gives rise to endless photo-opportunities. And so on.” (Naughton, n.d.) 
40 (“Tech City to Look Beyond London, Says New CEO - Tech Europe - WSJ,” n.d.) 
41 (“Patents neglected by London’s ‘Tech City’ - International Report - IAM Magazine,” n.d.) 
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and policy makers to evaluate and consider.  The point here is to illustrate a potential 
utility point for a new form of cluster descriptiveness, i.e., the Cluster Rank.   
'
The'Innovation'Cluster'“Humanists”:'People'Matter'
Annalee'Saxenian'
  
Saxenian provides a deeper appreciation of the entrepreneur and the role he/she plays as 
the DNA in the creation of innovation.  Her work has a recurring theme of the networks 
required and the interactions between actors to invoke innovation, entrepreneurship, and 
cluster formation.   
 
The work and its observations are globally focused, and as such, present insights into the 
creation and sustainability of Innovation Driven Enterprises (IDEs)42.  For, if IDEs are 
focused from the beginning on addressing global markets, it is relevant to consider a global 
talent pool of knowledge workers responsible for the innovation.  Saxenian’s work43 has 
extensively explored the nature of actor’s interactions with each other, the power of a 
single individual to invoke a cluster (e.g., Digital Equipment Corporation’s Ken Olsen44), 
and to also contribute to its demise, in particular Saxienian’s work on the Silicon 
Valley/Route 128 comparisons.45 
 
The interactions of “knowledge workers” is at the essence of innovation, not only in 
existing organizations, but also in newly formed startups.  Peter Drucker has written on 
this topic extensively: 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
42 Saxenian & Sabel refer to the first generation immigrants who seed entrepreneurial developments to their 
home countries as, “the new Argonauts, an allusion to the ancient Greek Jason and the Argonauts, who 
searched for the Golden Fleece.”  Further stating that the new Argonauts are, “ideally positioned to search 
beyond prevailing routines to identify opportunities for complementary “peripheral” participation in the 
global economy and to work with public officials to adapt and redesign relevant institutions and firms in their 
native countries.”  (Saxenian & Sabel, 2008) 
43 (Bresnahan, Gambardella, & Saxenian, 2001; Saxenian & Edulbehram., 1998; Saxenian, 2002, 2003; 
Saxenian & Robertson, 1995) 
44 Ken Olsen, founded DEC in 1957 in Maynard, Massachusetts, arguably the seed entrepreneur for what was 
later to be known as the “Massachusetts Miracle, the period of hyper-growth to the Massachusetts economy 
(technology cluster) in the 1980’s.  (Rifkin, 2011) 
45 (Saxenian & Robertson, 1995) 
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“Innovation is the specific function of entrepreneurship, whether in an existing 
business, a public service institution, or a new venture started by a lone individual 
in the family kitchen. It is the means by which the entrepreneur either creates new 
wealth-producing resources or endows existing resources with enhanced potential 
for creating wealth.  At the heart of that activity is innovation: the effort to create 
purposeful, focused change in an enterprise’s economic or social potential.”46 
 
Saxenian has provided a powerful framework to examine the role the individual plays in 
the process of innovation and cluster dynamics.  It identifies the complexities in ties and 
relationships, and their importance to cluster dynamics and entrepreneurial success.  Yet, 
the research is not particularly grounded in any form of analytics or hard data.  Other 
researchers have contributed to the core Saxenian views with analytical approaches; Bell’s 
method “‘untangles’ cluster effects by separately modeling cluster-based mechanisms and 
social interaction (network) mechanisms,”47 by statistically identifying relationships 
between firm age, innovativeness, survey questionnaires, and specific managerial ties 
within the network(s).   
'
! '
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
46 (Drucker, 1998) 
47 (Bell, 2005) 
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Padgett'&'Ansell'
 
John F. Padgett and Christopher K. Ansell’s paper, “Robust Action and the Rise of the 
Medici, 1400-1434,” highlights and underlies much of what is missing in a Porterian view 
of competition and cluster dynamics.  This work focuses on the people: 
 
“Methodologically, we argue that to understand state formation one must penetrate 
beneath the veneer of formal institutions, groups, and goals down to the relational 
substrata of peoples' actual lives. Ambiguity and heterogeneity, not planning and 
self-interest, are the raw materials of which powerful states and persons are 
constructed.”48  
 
This work is powerful, particularly in the sense that it connotes processes and relationships 
in the development of organizations, and ultimately, clusters.  This is at the heart of cluster 
dynamics.  Logically, if the development of an innovation cluster adheres to a Porterian 
model, and supports the Five Forces model, the ingredients for success are evident.   
 
However, at the heart of this structural model is people: their relationships, their 
interactions, and their dynamics.  This is part of a much deeper sociology versus economic 
trade-off.  Padgett & Ansell have indicated how vastly complex this process is.  It is 
clearly not as simple as putting the right people together and encouraging them to engage 
for the better.   
 
Their work cuts against the grain of long established views in economics, specifically 
Adam Smith’s “The Wealth of Nations” concept of self-interest, interestingly interpreted 
in early French translations not as “self-interest,” but as “self-love.”49  Thus, it’s clear that 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
48 (Padgett & Ansell, 1993) 
49 “Moral philosophers seem to believe that the love of oneself [amour de soi], or self interest [intérêt], drives 
the actions of men more than self-importance [amour-propre], or vanity [vanité]. I believe, on the contrary, 
that vanity has more power over them, generally speaking, than the love of oneself. It suffices to observe how 
many times men act out of vanity in a way that is contrary to their interests, from the child whose pride was 
wounded by some punishment and who reacts by abstaining from eating, to the potentate who can be 
flattered into making so many silly decisions and who destroys his country, i.e., the foundation for his power, 
in order to hit back those who insulted him in a gazette.” (Force, 2006) 
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the seemingly simple concept of self-interest, has been interpreted, from an early stage, as 
a far more complex process.  Also informative in this vein is the work of Stuart & 
Sorenson, who considered not only the sociological and social relationships in venture 
financings, but also how syndication networks and the geographic/spatial distribution of 
venture firms affects those financings.  Again, it’s clear that “location matters,” 
 
“…Whenever personal and professional networks play a central role in economic 
activity, we will likely observe spatial patterns in the unfolding of that activity. We 
have demonstrated the existence of these spatial patterns in the investments venture 
capitalists make. We have also shown that the evolution of interfirm relationships 
in the VC community appears to provide the mechanism for the erosion of 
geographic and industrial boundaries in the dispensation of a venture capitalist’s 
funds. VC firms with a history of provincial investment patterns and those without 
central positions in the industry’s coinvestment network tend to invest locally…”50 
 
Padgett & Ansell further go on to dissect the actual network structure of Florentine 
Partisanship.  A key observation in their work is that, “Suffice it to say here that the 
structuralist research style embedded in blockmodeling aggregates actors into structurally 
equivalent sets, or "blocks," in accordance with their common external ties with outsiders, 
rather than in accordance with dense internal relations with each other (as in cliques).”51   
 
This fact has relevance in the context of this paper, as it essentially provides evidence that 
grouping actors into “blocks” provides “goodness-of-fit” for research purposes.  This 
finding supports a model in network graph theory, which looks at the edges, rather than 
just the nodes in a graph, and more deeply, looks at the possibility of the weighted edges as 
a primary indicator of strength of ties, resilience, and solidity.  Further in this paper, the 
work of Woody Powell52 is referenced and the role he has played in understanding these 
complex dynamics. 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
50 (Olav Sorenson & Toby E. Stuart, 2001) 
51 p. 1275. (Padgett & Ansell, 1993) 
52 (Owen-Smith & Powell, 2004; W. (Woody) Powell, Packalen, & Whittington, 2010; W. W. Powell, 
Koput, Bowie, & Smith-Doerr, 2002) 
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This, in effect, is a core premise underlying the proposed method of this thesis, the 
development of a CDI, or, Cluster Rank, based not only on nodes, but the edges.  This step 
goes beyond methods found in the current research in evaluating innovation cluster 
dynamics at the time of this writing.  Thus, many of the conclusions developed by Padgett 
& Ansell, can inform a new way of thinking about how actors inform and influence 
innovation cluster dynamics.   
 
Padgett and Ansell’s work also illustrates that despite its deep network analysis and block 
modeling method, developing an analytical model is only an indicator.  Their analysis of 
the edge connections between actors is akin to a forensic examination, an historical set of 
research into the Medici family and its extended relationships.  Today, 2013, we have new 
means to assess the edge connections, making use of the social network ties available to us.  
None of this existed during the Padgett and Ansell work.  Yet, one wonders how it would 
have impacted their work if a platform such as LinkedIn was available during the reign of 
the Medici dynasty.  What would the Medici network graph look like?  What would it 
reveal?  This is indicated in the concept of “robust action,” meaning that the action of the 
network is embedded, and it may not direct any single meaning, but a range of meanings.  
This informs us to not rely heavily on any one indicator, despite its apparent utility.  This is 
readily apparent in their blockmodel structure of the 92 elite families, in that a simple edge 
connection is in reality quite complex, and can represent a range of ties, e.g., marriage, 
partner, trade, real estate, bank employment, etc.53  No doubt, today’s access to data sets is 
an opportunity to more deeply study “how people matter,” and an opportunity to build on 
the analyses of Padgett and Ansell.   
 
Bearing this in mind, Padgett & Ansell write, “one needs to penetrate beneath the veneer of 
formal institutions and apparently clear goals, down to the relational substratum of people's 
actual lives. Studying "social embeddedness," we claim, means not the denial of agency, or 
even groups, but rather an appreciation for the localized, ambiguous, and contradictory 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
53 (Padgett & Ansell, 1993), Figure 2a represents the complexity of the marriage and economic blockmodel 
structure of the 92 elite families, whereas Figure 2b analyzes political and friendship ties in the Medici 
cluster. 
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character of these lives. Heterogeneity of localized actions, networks, and identities ex- 
plains both why aggregation is predictable only in hindsight and how political power is 
born.”54 
 
The implication for this conclusion on this thesis, is that the modeling for a Cluster Rank 
Engine must derive actor data at a grass roots  level.  Modeling organizational networks as 
a core element is potentially dangerous, it that it is the actors, acting at a bottoms-up level, 
who produce the decisions driving innovation.  Thus, to “penetrate beneath the veneer” is a 
requirement for a CDI Cluster Rank Engine.  This is akin to the John Seely Brown 
“mystery”55 discussed later in this text.  To more deeply understand the range of edge 
connections made between actors is a step toward unwinding the mystery in the actor’s 
roles and incentives.  A premise of this thesis is that private datasets accessible via APIs, 
e.g., LinkedIn, and public data sets, e.g., provide a new and deep representation of 
organizational and person-level networks, and is a source, which has not yet been deeply 
mined.  This is one of the goals of the CDI Cluster Rank Engine.   
 
Next, the work of Padgett & Ansell is based on deep and historical research of the Medici 
and other families.  It is, as such, a hand built dataset, and as a result highly accurate, with 
little of the “noise” uncovered in big data research.  The premise of the CDI Cluster Rank 
Engine, discussed later in this paper, is more to aggregate the dataset algorithmically, and 
automatically using linked data across disparate datasets on the Internet, as well as from 
less “noisy” datasets, such as that offered via the API of LinkedIn.   
 
 
Richard'M.'Locke'&'Suzanne'Berger''
 
Locke has provided a lens to look at how the actors collaborate in the generation of a 
clustered ecosystem, and the deep role that trust plays in the development of the 
relationships. The observations made in this research can now be “re-displayed” using a 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
54 (Padgett & Ansell, 1993), p. 1310. 
55 (“johnseelybrown.com: chief of confusion,” n.d.) 
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network graph lens, illustrating the role of individuals, trust, and how these roles deeply 
influence the sustainability of economies and clusters.  The findings in these papers can be 
reinforced using new social graph technologies to further bolster the economic behaviors 
documented in the Italian Industrial Districts.   
 
In their paper, “Il Caso Italiano and Globalization,”56 co-authors Suzanne Berger and 
Richard M. Locke, view globalizations effects through the local lens of Italy’s Industrial 
Districts.  The work, in effect depicts the organic development, at a local level, of 
sophisticated globally competitive clusters: 
 
“Because of the economic dynamism these districts have displayed, they have been 
analyzed and celebrated in a wide ranging literature that portrays them as 
prototypes of "the new competition," exemplars of "best practice” in today’s post-
Fordist world of segmented demand. 
 
A final feature underlying the districts are the networks- both horizontal ties that 
provide individual firms with up-to!date information on technological innovations 
and market shifts and the forward and backward linkages that provide the district as 
a whole with considerable market power in purchasing raw materials and 
distributing finished goods.”57 
 
At its core, this paper speaks to the ability of the industrial districts, i.e., the “clusters,” to 
sustain innovation leadership in the face of globalization, by using themselves and their 
networks to be strong, resilient and compete on a global stage.  These observations, written 
prior to the extensive development and adoption of social networks, now, in a post-social 
world, speak to concepts of network strength, network density, and network resiliency.58 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
56 (Berger & Locke, 2001) 
57 (Berger & Locke, 2001) 
58 “The future of the districts may lie not in some improbable leap from today's industries to a high 
technology frontier, but in incorporating new technology and services into traditional sectors. Integrating 
great manufacturing and design with new information technologies creates valuable products. To make them, 
the firms need to stick to the districts for the same reasons that information technology firms stick to Silicon 
Valley or new biotech firms cluster around universities: to gain access to information that is only transmitted 
through social relationships, to incorporate this knowledge into new high-value-added products, and to find a 
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To further speak to the interactions of actors in the development of innovation clusters, and 
their ability to make or break the competitive dynamic, Locke has written “Building 
Trust,” on the role of building trust, asking the key question, “whether or not trust can be 
created, and if so, how?”59  This work has deep synergy with that of Padgett & Ansell, in 
that their work spoke of the strong roles played by ambiguity and heterogeneity, not 
planning and self-interest, in the formation of the relationships forming the basis for cluster 
dynamics.  Padgett & Ansell’s findings point to a relative disregard for the “self-interest” 
previously elaborated on in this paper.  Locke’s paper elaborates on this model as well, in 
discussing what he calls the second strand of trust literature: 
 
“The second strand in the trust literature is of a more economistic nature. Unlike 
the first group of scholars who focus primarily on sociological attributes or 
historical traditions, this second strand instead stresses long-term self-interest and 
the calculation of costs and benefits by utility-maximizing actors in promoting 
trust-like behavior. According to the most basic formulation of this view, self-
interested, utility-maximizing actors will find it worthwhile to cooperate with other, 
like-minded actors, when their interactions are repeated, when they possess 
complete information about the other players’ past performances, and when there 
are small numbers of players (Axelrod 1984). Robert Axelrod uses this framework 
to describe cooperative behavior among enemies in World War I (1984: chapter 4) 
and Eric Von Hippel (1987) employs this same approach to explain why rival firms 
sometimes cooperate by sharing trade secrets and other competitive-enhancing 
information.”60  
 
Berger and Locke’s work does not cite Padgett & Ansell, yet it speaks to their notion of 
penetrating beneath the veneer of actor relationships.  Berger and Locke’s references to the 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!
highly skilled workforce. The information that the firms in the districts obtain through collocation, like the 
information that Silicon Valley and Cambridge biotech firms seek by locating in clusters, is generated by 
exchange between social actors.” (Berger & Locke, 2001) 
59 (Locke, 2001) 
60 (Locke, 2001) 
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ties between firms and their interactions is what is needed, in reality, to penetrate the 
veneer of firm-to-firm relationships.   
 
As for this thesis, this fact again reinforces the drive to derive data at a bottoms-up actor 
level as much as possible.  Firm to firm level network graphs can only tell so much, 
presenting a view that we should validate this kind of network data between firms with the 
more bit level interactions of the actors within the firms.  And, as Padgett & Ansell so 
clearly point out, even when we have this data, it is always our plight to be subject to, “the 
localized, ambiguous, and contradictory character of these lives.”61  In other words, it 
seems these “humanists” are telling us that, yes, humans are quite unpredictable, and there 
has yet to be a reference indicator that reliably predicts or deeply describes human’s 
behavior in economic activities.  
 
Nevertheless, at the time of these author’s cited works, there had yet to be a mainstream 
“people” dataset akin to a Facebook or a LinkedIn.  In fact, the XML schema associated 
with LinkedIn describes a wide range of relationships and interconnections between 
employees, their firms, and each other.62  It is the premise of this thesis that the ability to 
derive deep relational meaning from publicly available large “person-graph” networks such 
as LinkedIn, takes a major step in unlocking the Seely-Brown “mystery”, and also can take 
us deeper beneath the Paget & Ansell “veneer.” 
 
 
Richard'Florida'
 
The work of Richard Florida has provided influence and insights into innovation cluster 
dynamics in a number of ways: both qualitative and quantitative.  For the purposes of this 
thesis, it is most critical to recognize two key elements of Florida’s work: (a) the 
connection of place/geography to innovation, and (b) the connection of creative people to 
innovation.  In effect, Florida’s work quantifies and academically documents the intuition 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
61 (Padgett & Ansell, 1993) 
62 (“linkedin-j - A Java wrapper for LinkedIn APIs. - Google Project Hosting,” n.d.) 
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that location matters, and more fundamentally, people matter.  This may seem self-evident 
at face value, but it provides critical foundation to build on these research findings with 
new models and techniques such as that proposed in this thesis.    
 
In the following paper, Maryann P. Feldman & Richard Florida (1994): The Geographic 
Sources of Innovation: Technological Infrastructure and Product Innovation in the United 
States, Annals of the Association of American Geographers, 84:2, 210-229, developed 
some key relationships on geographic sources of innovation63: 
 
1. The geographic distribution of innovation is a function of an area’s underlying 
technological infrastructure. 
2. The “Stock” of this infrastructure is built over long periods of time. 
3. Innovation is a function of four classes of input: networks of firms in related 
sectors, concentration of university R&D, concentration of industrial R&D, and 
concentration of business service providers. 
 
Figure 1: Feldman & Florida, 1994 
Feldman & Florida’s work enabled graphic visualizations connecting innovation with location. Central 
to this point is the author’s focus on nodes (people, patents, etc.) but not their ties or networks. 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
63 (Feldman & Florida, 1994) 
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Figure 2: Feldman & Florida, 1994 
Feldman & Florida’s work enabled graphic visualizations connecting patents with location. 
 
The named factors identified by Feldman & Florida, e.g.,: #innovation citations, # patents, 
networks of firms in related sectors, concentration of university R&D, concentration of 
industrial R&D, and concentration of business service providers, location, are relevant in 
the development of the proposed CDI Cluster Rank proposed in this thesis.   
 
Florida’s next substantive input to the theme in this thesis is the connection of creative 
people to innovation.  This paper has utilized two primary resources64 to inform the view 
that “people matter,” and must be empirically and quantitatively included in any form of 
CDI or Cluster Rank Model.  Florida’s work in this realm does not impose any causality, 
but does draw distinct correlations between the relationships he deems critical to the 
human dynamics in an innovation cluster’s growth, namely,  
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
64 (R. L. Florida, 2012; R. Florida, Mellander, & Stolarick, 2008) 
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Figure 3: Florida, et al, 1994 
Estimated equations correlating key variables in Florida’s view 
 
The results of this effort found strong ascertained correlations that led to some fundamental 
conclusions65: 
1. Human capital is distributed unevenly.  Factors influencing its distribution are 
tolerance, consumer amenities, diversity of service firms, and universities.   
2. The slope for human capital and income is steeper than for the creative class and 
income. But the slope for the creative class and wages is much steeper than for 
human capital and wages. There are fewer outliers and the observations cluster 
tightly around the line. This reinforces the notion that human capital and the 
creative class act on different channels of regional development. 
Florida has demonstrated the deep complexity of “person level” impact on a cluster, by 
describing a range for variables impacting the human capital elements of innovation.  
Several of these findings are suitable as components for the CDI Cluster Rank Model.  At 
the same time, Florida’s work is a stock-based resources level analysis, which focuses on 
the nodes, not the links or connections between them, i.e., the graph edges.  At the same 
time, Florida is saying that human capital matters, something which has been said prior, 
e.g., Becker’s “Investment in Human Capital, A Theoretical Analysis.”66 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
65 (R. Florida et al., 2008) 
66 (Becker, 1962) 
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Figure 4: Florida, et al, 1994 Coefficient Correlations!  
 46 
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Toward'an'Analytically'Empirical'Network'Model'
Fiona'Murray'
 
Murray’s work also has a strong focus on the role of the individual in innovation driven 
enterprises, and has done specific work on the dynamics of academic inventors in 
entrepreneurial firms and the sharing of laboratory life.67  Concerning this paper’s aim for 
the derivation of a potential CDI/Cluster Rank, it is key to note one of Murray’s findings 
from her paper, “The role of academic inventors in entrepreneurial firms: sharing the 
laboratory life,”: 
 
“Overall, there is considerable variance, but inventors make contributions at two 
distinctive levels—human capital and social capital. Social capital (in its most 
reduced form) takes the form of the translation of an inventor’s social co-
publishing network into a network that is utilized by the firm for co-authorship, 
SAB membership and hiring.”68 
 
The results from this paper lend themselves to an analysis using network graph theory 
mapping the nodes (the scientists, entrepreneurs, SAB members, etc.) and their 
connections as edges, to further define a quantitative variable to shed insight into the reach 
of their connections, the strength, the leverage and its influence.  Murray notes that 
inventors not only bring human capital to the table, but also social capital, and a 
cosmopolitan network.69  Devising a method to directly map and calculate these networks, 
such as that proposed in this thesis, is a potential next step in deepening the relationship 
connections Murray has documented in the formation and creation of IDEs.   
 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
67 (Murray, 2004) 
68 (Murray, 2004) 
69 “My first finding is that the inventor brings his human capital—the range of scientific knowledge, 
knowledge of laboratory techniques and expertise in developing scientific strategy.   …  The second finding 
is that the inventor simultaneously exploits his social capital (network) to build relationships between 
members of his social network and the firm.   …   The firm can also translate an inventor’s cosmopolitan 
network to shape a firm’s embeddedness and allow the firm to tap into a broader scientific network for 
specific expertise that the firm may use in meeting technical milestones.”  (Murray, 2004) 
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Further work by Murray expands on these themes, in the paper co-written with Steven 
Casper, “Careers and clusters: analyzing the career network dynamics of biotechnology 
clusters,”70 it is taken a next step further, by identifying a kind of “scalability” in analyzing 
cluster relationship structures with, “contrary to the expectations of comparative 
institutional theory, network structures are grossly similar across the two clusters and, 
moreover, the performance of these networks as measured by ‘‘small-world’’ methods are 
similar; career affiliation networks in the two regions are formed through social 
interactions that appear largely unrelated to macro-institutional factors.”71   
 
In the context of prior citations for this thesis, this conclusion seems to be congruent.  It 
seems quite like the conclusion of Padgett & Ansell, in that relationships do not necessarily 
align themselves around self-interest.  In this regard, self-interest could be correlated to 
macro-institutional factors.  Yet, career affiliation networks were found to be more social 
in orientation.  This fact, again, leads itself towards the utilization of a social network 
analysis, e.g., LinkedIn, which would serve to inform us more at a network graph level.  
Casper and Murray have accomplished this for the Cambridge career affiliation network, 
as shown below: 
 
Figure 5: Network visualization of the complete network of Cambridge.72 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
70 (Casper & Murray, 2005) 
71 (Casper & Murray, 2005) 
72 (Casper & Murray, 2005) 
 49 
 
This work also serves to inform the development of a CDI/Cluster Rank approach, as it 
cites and references significant prior work in this realm.  Specifically, the examination of 
robustness as the result of sustained connectedness, sparseness, and density, support the 
“small-world” technique elaborated on in the paper.  Further, coding the affiliations at a 
fine-grained level or organization level of detail versus a firm level was explored, with the 
decision being to draw connections between academic affiliations at the department or 
institute level, produced reliable results.  These facts also serve to inform the thinking on 
the development of a CDI/Cluster Rank model for the purposes of this thesis.   
'
Mercedes'Delgado,'Jeffrey'L.'Furman,'Christian'Ketels,'Michael'E.'Porter'&'Scott'Stern  
 
The above scholars have produced deep research furthering the understanding of 
innovative capacity, clusters, and entrepreneurship.  Specifically, three papers form a solid 
framework lens to examine the development of a CDI Cluster Rank method, and place the 
CDI Cluster Rank efforts by this author into a context.   
 
The first paper under discussion is, “The determinants of national innovative capacity,”73 
authored by Furman, Porter & Stern.  This work utilizes a Porterian framework, yet dives 
deeper to develop an empirical model for the determinants of national level innovative 
capacity.  The authors tie innovative capacity to a variety of cluster factors and linkages, 
with a focus on R&D activities, primarily patents (although they do provide deep detail on 
the risks of using this variable as a proxy for innovation): 
 
“The national innovative capacity framework draws on three distinct areas of prior 
research: ideas-driven endogenous growth theory (Romer, 1990), the cluster-based 
theory of national industrial competitive advantage (Porter, 1990), and research on 
national innovation systems (Nelson, 1993).74 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
73 (Furman, Porter, & Stern, 2002) 
74 (Furman et al., 2002), and, from Footnote 1 in the cited report, “While our framework is organized 
according to these three specific formulations, we incorporate insights from related studies in each research 
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“We divide determinants of national innovative capacity into three categories: the 
common pool of institutions, resource commitments, and policies that support 
innovation across the economy; the particular innovation environment in the 
nation’s industrial clusters; and the linkages between them (see Fig. 3). The overall 
innovative performance of an economy results from the interplay among all 
three.”75 
 
Porter’s Five Forces analysis of this framework is shown in the paper as: 
!
Figure 6: Five Forces Framework of national industry (and regional) clusters76 
These key elements in this paper speak to an empirical level of analysis for assessing a 
nations or a regions innovative capacity, which is the heart of innovation cluster dynamics.  
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!
stream, including, among others, Jones (1995) and Kortum (1997) in the ideas-driven growth literature, 
Rosenberg (1963), and Carlsson and Stankiewicz (1991) on the relationship between innovation and 
industrial clusters and Mowery and Nelson (1999) on the linkages between industrial clusters and the 
national innovation system.” (Furman et al., 2002) 
75 (Furman et al., 2002), and further in footnote 6 to this citation, “6 Our framework focuses on clusters (e.g. 
information technology) rather than individual industries (e.g. printers) as spillovers across industrial 
segments connect both the competitiveness and rate of innovation towards this more aggregate unit of 
analysis. In addition, while the current discussion focuses at the country level, we could also conduct our 
analysis at the regional level, with potentially important insights, as many of the most dynamic industrial 
clusters seem to be quite local in nature (Porter, 1990, 1998).” (Furman et al., 2002) 
76 (Furman et al., 2002) 
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The authors Footnote 6, cited above, discusses the applicability of the method to regions 
and local clusters as well.   
Figure 7: Innovation Capacity Framework and Linkage Importance77 
 
The diagram above, from the cited work, illustrates a high-level econometrics type of 
analysis, referencing the linkages between the common innovation infrastructure and the 
cluster-specific environment for innovation.   
!
The variables identified by this paper, primarily: Cumulative technological sophistication, 
Human Capital & Financial Resources available for R&D, Policy commitments, and the 
connection of these elements to a cluster specific context, is the key interconnection 
between the cited work and this thesis.  It is the intention of this thesis, in its proposal and 
derivation for a CDI Cluster Rank, to provide a new level of data and description for what 
Porter, et al, have called Factor Conditions, Related & Supporting Industries, and the 
Context for Firm Strategy & Rivalry.  In effect, the CDI Cluster Rank utilizes elements on 
both sides of the Furman, et al., linkage model, to present a more people-oriented bottoms-
up view of innovation cluster dynamics.  The question, “But what of the people?” long so 
implicit in Porter’s work, now has a method for empirical factoring and analysis, using the 
proposed CDI Cluster Rank methods.   
 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
77 (Furman et al., 2002) 
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Furman, et al., have provided strong guidance for selected sources of data, which in the 
CDI Cluster Rank model, will be viewed through a computer science lens, with an aim to 
real time aggregate disparately stored big data repositories in the Cloud.  Examples of 
source used by Furman, et al. are found in the cited works Table 1, Variables and 
Definition, and include, but are not limited to CHI US Patent Database, World Bank, 
OECD, IMD, USPTO, Penn World Tables, National Science Foundation, etc.   
 
Further in this thesis, an architectural view of the CDI Cluster Rank engine is proposed, in 
which one can see the provisioning for the online cloud-sourced real time big data 
aggregation potential: not only from proprietary deep graph sources such as LinkedIn, but 
also from disparate datasets around the world.   
 
Delivering on this model’s vision has potential to make Cluster Rank “real time” in the 
sense that it crawls all data sources 24/7, and can produce time-stamped views of a cluster.  
This has potential to enable economic sensing in a manner heretofore not possible: 
allowing for time-based reference points to be recorded, to provide data on the relative 
velocity of growth, the acceleration (or deceleration), how these properties from Cluster m 
compare to the similar properties of Cluster n, etc.  There is a parallel in this vision to that 
of the Billion Prices Project at MIT78, which does real time tracking of prices around the 
globe, to assess pricing behavior, daily inflation and asset prices, pass-throughs, and 
“green markups.”  Certainly, the time slice for the CDI Cluster Rank will be a longer time 
frame than daily.  However, the concept is the same: the ability to track economic growth, 
deeply and reliably is a powerful tool for firms, regions, and countries.  This is part of the 
vision for a CDI Cluster Rank Engine.   
 
In sum, this is an important work in that it (a) frames a context for empirically and 
analytically describing innovation, i.e., innovation cluster dynamics, (b) presents strong 
data, conclusions, and references, and (c) serves to deeply inform the direction taken in this 
thesis.  The strategic direction for this thesis is to embrace this empirical analysis format, 
but at the same time, find and discover methods to extend it.  The approach taken for the 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
78 (“The Billion Prices Project @ MIT,” n.d.) 
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CDI Cluster Rank model utilizes the core concepts and reference in this, but adds the 
additional “vector” of people- their networks, the networks of innovation, which include 
companies/firms, academia, access to financing, and location.  The CDI Cluster Rank 
approach can then be seen, as such, as a more bottoms-up model, which if effective, should 
meet the top-down strategic view and model discussed by Furman, et al.   
 
The second and third papers informing this thesis with a deep analytic perspective are 
“Clusters and Entrepreneurship,” authored by Mercedes Delgado, Michael E. Porter & 
Scott Stern,79 and, “The Determinants of National Competitiveness,” authored by 
Mercedes Delgado, Christian Ketels, Michael E. Porter & Scott Stern.80  In “Clusters and 
Entrepreneurship,” the third hypothesis made is of most relevance to the CDI Cluster Rank 
model; “Thus, our third hypothesis is that, after controlling for the convergence effect, the 
growth rate of entrepreneurship will be increasing in the strength of the cluster 
environment in the region.”81   Again, as with this team’s prior work, this paper points the 
way toward an empirical model that gets closer to the essence of what makes a cluster go 
or not go, the growth rate of entrepreneurship.  At the heart of this is people.   
 
“The Determinants of National Competitiveness,” actually signals a way forward in terms 
of estimating and providing prescriptive measures for clusters. Regions, and economies: 
 
“We offer a novel methodology for estimating a theoretically grounded and 
empirically validated index of national competitiveness. Current competitiveness-
related rankings, (e.g., World Economic Forum, 2011; World Bank, 2010; Heritage 
Foundation, 2010) provide useful data on particular policy areas.  However, other 
indexes lack a clear conceptual framework and suffer from inadequate aggregation 
procedures. There are several opportunities to build in the analysis given here. 
First, our exploration of global investment attractiveness promises insights into the 
economic trajectory of particular countries that relates closely to the intuition of 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
79 (Delgado, Porter, & Stern, 2010) 
80 (Delgado, Ketels, Porter, & Stern, 2012) 
81 (Delgado et al., 2010) 
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many practitioners about what competitiveness is. The definition of global 
investment attractiveness offers a platform for further work.”82 
 
The proposed method in this thesis is one step forward to understanding the trajectory of a 
cluster, a region, and at scale, a country.  As mentioned earlier, running CDI Cluster Rank 
24/7 as a continuous monitor of the heartbeat of clusters will aggregate data commensurate 
with keeping a cluster healthy, in the eye of intense global competition.    
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
82 (Delgado et al., 2012) 
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Cesar'Hidalgo'
 
Hidalgo’s work has not been directly targeted at innovation clusters per se.  However, he 
has been at the center of the idea that complexity is a driving factor in the future growth of 
world economies.  His efforts have focused on deep dives into understanding this 
complexity, and into methods to present it, particularly with the use of creative graphic 
visualizations.  Hidalgo’s research has developed a method to predict a nation’s growth 
more accurately than other methods currently in practice.   
 
““The Atlas of Economic Complexity” ranks 128 nations based on their 
“productive knowledge” — the skills, experience and general know-how that a 
given population acquires in producing certain goods. Countries with a high score 
in the report’s “economic complexity index” have acquired years of knowledge in 
making a variety of products and goods and also have lots of room for growth. 
Essentially, the more collective knowledge a country has in producing goods, the 
richer it is — or will be.  The 364-page report, a study led by Harvard’s Ricardo 
Hausmann and MIT’s Cesar A. Hidalgo, is the culmination of nearly five years of 
research by a team of economists at Harvard’s Center for International 
Development.”83 
 
In the “Building Blocks of Economic Complexity,”84 Hidalgo, Hausmann & Dasgupta put 
forth a premise that the modeling of complex intricate economies can be done with 
bipartite graphs, a form of hypergraphs85.  This work has produced strong correlations for 
describing and predicting growth in economies, at a macro level.  The work has yet to use 
bottoms-up “people” data, yet its methods have been reviewed positively.  Of relevance to 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
83 (Mitchell, 2011), “The method, when applied to the years 1999-2009, proved to be much more accurate at 
predicting future growth than any other existing methods, including the World Economic Forum’s Global 
Competitiveness Index, according to the report.” 
84 (Hidalgo, Hausmann, & Dasgupta, 2009) 
85 “…some kinds of networks the links can join more than two vertices at a time.  For example, we might 
want to create a social network representing families in a larger community of people  Families can have 
more than two people in them and the best way to represent family ties in such families is to use a 
generalized kind of edge that joins more than two vertices.  Such an edge is called a hyperedge and a network 
with hyperedges is called a hypergraph…” pg. 122, Section 6.5 (“Networks: An Introduction - Mark 
Newman - Google Books,” n.d.) 
 56 
this thesis is the use and utility of bipartite graphs and hypergraphs as an empirically 
analytical tool.  The CDI Cluster Rank model, discussed in a later section of this thesis, 
illustrates the network graph theory utilized, part of which is based on bipartite 
relationships between various entities, which overlap (e.g.,hypergraphs).   
 
Further to Hidalgo’s work is the reference of the Human Development Index (HDI), which 
is a “(HDI) is a statistic used to describe countries well being that gives equal weight to (i) 
an education indicator, (ii) a life or health indicator, and (iii) an income indicator.”86  The 
HDI has been utilized to analyze various countries rankings over time.  This thesis shall 
consider the HDI87 as one proxy for Location in its use of Location weighting factors in the 
derivation of the CDI Cluster Rank, to be discussed later in this thesis.  The following 
graphic depicts the four core HDI rankings worldwide over a 35-year period: 
 
Figure 8: A globally comparative index for Human Development (Hidalgo)88 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
86 (Hidalgo, 2010) 
87 (Hidalgo, 2010) 
88 (Hidalgo, 2010) 
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The following illustration, makes use of bipartite hypergraph visualizations to illustrate the 
connections between countries linked into a DRG (Development Reference Group).  This 
is just one example of the visualization of relationships possible with complex network 
graph theory.89 
 
Figure 9: A globally comparative visualization for Human Development Index (Hidalgo)90 
 
Hidalgo’s work provides a visual lens to frame the work of researchers prior.  The network 
graph theory utilized by both Padgett & Ansell now has better potential to be graphically 
represented.  The HDI work of Hidalgo also intersects with the Berger & Lock work, 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
89 Note that Hidalgo & Hausmann in the “Supplemental Material for The Building Blocks of Complexity” 
present an excellent method for development of bipartite networks, i.e., hypergraphs, the analysis thereof, 
and the randomization process to compare to a null model.  These methodological steps are necessary in the 
algorithmic functions of the CDI Cluster Rank architecture, as proposed in this thesis.(Hidalgo & Hausmann, 
n.d.) 
90 (Hidalgo, 2010) 
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specifically as it provides comparative insights into the globalization effects in economies, 
informing the actual interactions documented by Berger & Locke.  It may in fact be 
feasible to more deeply document the globalization dynamics discussed by Berger & 
Locke using Hidalgo’s HDI methodology for inter-county comparisons in a globalization 
context.   
'
! '
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Various'Frameworks'for'Innovation'Measurement'
!
There are a wide variety of frameworks and methods to inform a structure for innovation 
measurement, each of which lends insights into the datasets which should be selected for 
the CDI Cluster Rank Engine, as well as which should be most advantageous for end 
results and visualization purposes.  The following list is by no means exhaustive, but is 
meant to illustrate the wide array of data available.  The system level model for the CDI 
Cluster Rank Engine aims to automate, to the largest extent possible, the search, 
aggregation, and filtering of this enormous global resource of distributed big data. 
Archibugi, Denni & Filippetti have provided a comprehensive analysis of indicators in use 
for measuring and monitoring the technical and innovation capacities of economies, 
entitled, “The technological capabilities of nations: The state of the art of synthetic 
indicators.”  The following list is extracted from this source:91 
• The Summary Innovation Index (European Commission) 
• The Global Summary Innovation Index (European Commission) 
• The Technology Index (World Economic Forum) 
• The Technological Readiness Index and the Technological Innovation Index 
(World Economic Forum) 
• The Knowledge Index (World Bank) 
• The Technological-Advance Index (UNIDO) 
• The Technological Activity Index (UNCTAD) 
• ArCo 
 
Additional resources92 reviewed for this thesis included the OECD’s “Boosting innovation: 
the cluster approach,” Innovative Clusters: Drivers of National Innovation Systems,” 
Boosting Innovation The Cluster Approach: The Cluster Approach - OECD - Google 
Books,” Innovative Networks - Books - OECD iLibrary,” 
 
 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
91 (Archibugi, Denni, & Filippetti, 2009) 
92 (“Data | The World Bank,” n.d., “Global Innovation Index,” n.d., “Global Innovation Index,” n.d., 
Innovative Clusters: Drivers of National Innovation Systems, 2001, “Innovative Networks - Books - OECD 
iLibrary,” n.d.; Hidalgo, 2010, 2010; Oecd, 1999, 1999; Slaper et al., 2011) (“Thomson Reuters | Venture 
Capital Indices | Financial,” n.d.) 
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A representative table of indices available, as cited above, is as follows: 
Table 1: Disparately Sourced Representative Indicators available on the Internet 
Summary List of Indicator Sources Summary of List of Indicators Utilized 
The Summary Innovation Index 
(European Commission) 
 
http://ec.europa.eu/enterprise/policies
/innovation/facts-figures-
analysis/innovation-scoreboard/ 
 
 
1.1.1 New doctorate graduates  
1.1.2 Population aged 30-34 completed tertiary education  
1.1.3 Youth aged 20-24 upper secondary level education 
 
OPEN, EXCELLENT, ATTRACTIVE RESEARCH 
SYSTEMS  
1.2.1 International scientific co-publications 
1.2.2 Top 10% most cited scientific publications worldwide  
1.2.3 Non-EU doctorate students  
 
FINANCE AND SUPPORT  
1.3.1 R&D expenditure in the public sector 
1.3.2 Venture capital  
 
FIRM INVESTMENTS  
2.1.1 R&D expenditure in the business sector 
2.1.2 Non-R&D innovation expenditures  
 
LINKAGES & ENTREPRENEURSHIP 
2.2.1 SMEs innovating in-house 
2.2.2 Innovative SMEs collaborating with others 
2.2.3 Public-private scientific co-publications  
 
INTELLECTUAL ASSETS 
2.3.1 PCT patent applications 
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2.3.2 PCT patent applications in societal challenges 
2.3.3 Community trademarks  
2.3.4 Community designs 
 
INNOVATORS 
3.1.1 SMEs introducing product or process innovations 
3.1.2 SMEs introducing marketing or organisational innov.  
 
ECONOMIC EFFECTS  
3.2.1 Employment in knowledge-intensive activities  
 
3.2.2 Medium-high and high-tech product exports  
3.2.3 Knowledge-Intensive services exports  
3.2.4 Sales of new to market and new to firm innovations 
3.2.5 Licence and patent revenues from abroad 
The Global Summary Innovation 
Index (European Commission) 
 
http://www.globalinnovationindex.or
g/gii/main/datatables.html 
 Political stability and absence of violence/terrorism 
1.1.2  Government effectiveness 
1.1.3  Press freedom 
1.2.1  Regulatory quality 
1.2.2  Rule of law 
1.2.3  Cost of redundancy dismissal 
1.3.1  Ease of starting a business 
1.3.2  Ease of resolving insolvency 
1.3.3  Ease of paying taxes 
2.1.1  Expenditure on education  
2.1.2  Public expenditure on education per pupil 
2.1.3  School life expectancy 
2.1.4  Assessment in reading, mathematics, and science 
2.1.5  Pupil-teacher ratio, secondary 
2.2.1  Tertiary enrolment 
2.1.2  Graduates in science and engineering 
2.1.3  Tertiary inbound mobility 
2.2.4  Gross tertiary outbound enrolment 
2.3.1  Researchers 
2.3.2  Gross expenditure on R&D(GERD)  
2.3.3  Quality of scientific research institutions 
3.1.1  ICT access 
3.1.2  ICT use 
3.1.3  Government's online service 
3.1.4  Online e-participation 
3.2.1  Electricity output 
3.2.2  Electricity consumption 
3.2.3  Trade and transport-related infrastructure 
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3.2.4  Gross capital formation 
3.3.1  GDP per unit of energy use 
3.3.2  Environmental performance 
3.3.3  ISO 14001 environmental certificates 
4.1.1  Ease of getting credit 
4.1.2  Domestic credit to private sector 
4.1.3  Microfinance institutions gross loan portfolio 
4.2.1  Ease of protecting investors 
4.2.2  Market capitalization 
4.2.3  Total value of stocks traded 
4.2.4  Venture capital deals 
4.3.1  Applied tariff rate, weighted mean 
4.3.2  Market access for non-agricultural exports 
4.3.3  Imports of goods and services 
4.3.4  Exports of goods and services 
4.3.5  Intensity of local competition 
5.1.1  Employment in knowledge-intensive services 
5.1.2  Firms offering formal training 
5.1.3  GERD performed by business enterprise 
5.1.4  GERD financed by business enterprise 
5.1.5  GMAT mean score 
5.1.6  GMAT test takers 
5.2.1  University/industry research collaboration 
5.2.2  State of cluster development 
5.2.3  GERD financed by abroad 
5.2.4  Joint venture / strategic alliance deals 
5.2.5  Share of patents with foreign inventor 
5.3.1  Royalty and license fees payments 
5.3.2  High-tech imports 
5.3.3  Computer and communication service imports 
5.3.4  Foreign direct investment net inflows 
6.1.1  National office patent applications 
6.1.2  Patent Cooperation Treaty applications 
6.1.3  National office utility model applications 
6.1.4  Scientific and technical journal articles 
6.2.1  Growth rate of GDP per person engaged 
6.2.2  New business density 
6.2.3  Total computer software spending 
6.2.4  ISO 9001 quality certificates 
6.3.1  Royalty and license fees receipts 
6.3.2  High-tech exports 
6.3.3  Computer and communication service exports 
6.3.4  Foreign direct investment net outflows 
7.1.1  National office trademark registrations 
7.1.2  Madrid Agreement trademark registrations 
7.1.3  ICT and business model creation 
7.1.4  ICT and organizational model creation 
7.2.1  Recreation and culture consumption 
7.2.2  National feature films produced 
7.2.3  Daily newspapers circulation 
7.2.4  Creative goods exports 
7.2.5  Creative services exports 
7.3.1  Generic top-level domains (gTLDs) 
7.3.2  Country-code top-level domains (ccTLDs) 
7.3.3  Wikipedia monthly edits 
7.3.4  Video uploads on YouTube 
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The Technology Index (World 
Economic Forum) 
 
http://www.weforum.org/reports/glob
al-information-technology-report-
2013 
Environment subindex 
 
1st pillar: Political and regulatory environment  
1.01 Effectiveness of law-making bodies 
1.02 Laws relating to ICTs  
1.03 Judicial independence  
1.04 Efficiency of legal framework in settling disputes  
1.05 Efficiency of legal framework in challenging regulations 
1.06 Intellectual property protection  
1.07 Software piracy rate  
1.08 Number of procedures to enforce a contract   
1.09 Time to enforce a contract  
 
2nd pillar: Business and innovation environment  
2.01 Availability of latest technologies  
2.02 Venture capital availability  
2.03 Total tax rate  
2.04 Time required to start a business  
2.05 Number of procedures required to start a business 
2.06 Intensity of local competition  
2.07 Tertiary education enrollment  
2.08 Quality of management schools  
2.09 Government procurement of advanced technology  
products  
 
Readiness subindex 
 
3rd pillar: Infrastructure and digital content  
3.01 Electricity production  
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3.02 Mobile network coverage rate  
 
3.03 International Internet bandwidth  
3.04 Secure Internet servers  
3.05 Accessibility of digital content  
4th pillar: Affordability  
 
4.01 Mobile cellular tariffs   
4.02 Fixed broadband Internet tariffs  
4.03 Internet and telephony sectors competition index  
 
5th pillar: Skills  
 
5.01 Quality of the educational system  
5.02 Quality of math and science education  
5.03 Secondary enrollment rate  
5.04 Adult literacy rate  
Usage subindex 
 
 
6th pillar: Individual usage  
 
6.01 Mobile telephone subscriptions  
6.02 Internet users  
6.03 Households with a personal computer  
6.04 Households with Internet access  
6.05 Fixed broadband Internet subscriptions 
6.06 Mobile broadband Internet subscriptions 
6.07 Use of virtual social networks  
7th pillar: Business usage  
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7.01 Firm-level technology absorption 
7.02 Capacity for innovation  
7.03 PCT patents applications 
7.04 Business-to-business Internet use  
7.05 Business-to-consumer Internet use  
7.06 Extent of staff training   
 
8th pillar: Government usage  
 
8.01 Importance of ICTs to government vision of the future  
8.02 Government Online Service Index  
8.03 Government success in ICT promotion  
Impact subindex 
 
9th pillar: Economic impacts  
 
9.01 Impact of ICTs on new services and products 
9.02 PCT ICT patent applications 
9.03 Impact of ICTs on new organizational models 
9.04 Employment in knowledge-intensive activities 
10th pillar: Social impacts  
10.01 Impact of ICTs on access to basic services 
10.02 Internet access in schools  
10.03 ICT use and government efficiency 
10.04 E-Participation Index 
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The Technological Readiness Index 
and the Technological Innovation  
 
http://jsr.sagepub.com.libproxy.mit.e
du/content/2/4/307.short Index 
(World Economic Forum) 
 
The Knowledge Index (World Bank) 
 
http://data.worldbank.org/indicator 
Agriculture & Rural Development 
Aid Effectiveness 
Climate Change 
Economic Policy & External Debt 
Education 
Energy & Mining 
Environment 
Financial Sector 
Gender 
Health 
Infrastructure 
Labor & Social Protection 
Poverty 
Private Sector 
Public Sector 
Science & Technology 
Social Development 
Urban Development 
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An'Integrative'Synthesis''
From'Triple'Helix'to'Penta'Helix'
 
One strategic approach to economic policy and planning is called the Triple Helix93, which 
has been identified as the strategic direction for the Netherlands and later discussed as a 
strategic framework in a paper by Victor Gilsing.94  In essence, the Triple Helix, based on a 
Porter framework looks at three main elements to enable and grow ecosystems:  a 
collaboration between industry, government, and academia.   
It was the Triple Helix methodology that informed the writing of this thesis, as upon 
examination, it appeared to have serious gaps: 
• One, as with Porter’s methodology, the people seemed implicit in the model, not 
expressly mentioned as those who inspire and invoke innovation.  Inside of this 
observation was the fact that entrepreneurs are the drivers of IDEs, again, people-
centric, yet the discussion about the value of this role was nascent. 
• Two, location also seemed implied.  This is also a by product of a Porter 
methodology, as the method seems to be a lens to look at a specific situation, e.g., a 
cluster, a region, a country, whereupon again, the location is implied.  However, 
leaving the location as an outlier in a national strategy seemed a gap as well.  And, 
at a more general level, it is not possible to empirically process and 
methodologically compare competing locations without having a rather rigorous 
rubric set up to define what location means.  What are its attributes?  Can they be 
generalized to compare across geographic locations?  It was this thought that this 
writer also felt Porter and Stern’s assertion that “location matters” had been left as 
a tacit assumption.    
• And third, the issue of access to funding seemed to not have the clarity needed, 
particularly in the context of the creation of next generation IDEs, the drivers of 
clusters and economic growth.  Focusing funding on collaboration between the 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
93 (Etzkowitz & Leydesdorff, 2000) 
94 (Gilsing, 2001) 
 70 
Triple Helix players seemed to miss the point of the role venture capital plays in the 
startup, gestation, and growth of new IDEs.   
Of further irony was the fact that the Netherlands is a country, which prides itself on its 
independent thinking, its grass roots collectivism, its bottoms up organic process.  Yet, at a 
country strategic level, no explicit mention had been made of the people-centric”ness” 
required to invoke innovation and change.  Again, it seems, the top-down architecture had 
left out the people down there at the bottom, on the ground, the ones who actual “do it.” 
It was these gaps that drove the direction of this thesis, and its methodology, to develop a 
more generalized model suitable for understanding, describing, and potentially projecting 
the development of IDEs, the growth of clusters, and ultimately, drivers of regional and 
national economic growth.  For, if we weren’t modeling the relevant factors, and more 
importantly, their inter-relationships, how could we formulate and implement strategy and 
policy?  Thus, the concept of the Penta Helix was born.   
 
Cluster'Rank:'Penta'Helix'Foundation'for'the'Cluster'Density'Indices'
 
In short, the Penta Helix model, at a foundational level, underlies the method for the CDI 
Cluster Rank.  It is intended as a much needed improvement to the Triple Helix approach.  
It fills Triple Helix gaps, and, more importantly, it provides an analytically empirical 
model to describe, test, and ultimately, predict outcomes.  As such, the Penta Helix is 
defined by five key attributes: 
1. People: Referenced as a Weighted Graph 
2. Place (Location): Referenced as a Weighted Column Vector (Boundary Condition) 
3. Industry: Referenced as a Weighted Graph 
4. Funding (Government & Venture): Referenced as a Weighted Graph 
5. Academia: Referenced as a Weighted Graph 
The Penta Helix elements form a more inclusive set of attributes with which to model and 
describe the processes inherent to innovation cluster dynamics.  The remainder of this 
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thesis will focus on a method, heretofore called the Cluster Density Index (CDI) Cluster 
Rank method, or platform (“Cluster Rank Engine”) which is designed as a network-graph 
based people-centric method to describe, understand, analyze, and prescribe the dynamics 
embedded in innovation clusters.  The method is designed to be implemented at a platform 
level, able to access disparately sourced cloud “big data,” filter that data appropriately, 
provide meaningful links to the data, i.e., build a linked data95 engine of it, and apply 
graph-based algorithms to produce insights delivered as reports, visualizations, datasets.  
The intent of the CDI Cluster Rank Engine to build a linked data environment, connecting 
and linking deep social and network graph information about the “actors,” with the other 
four main Penta Helix key attributes, as drivers.  This intersection of key attributes has 
deep analytical and empirical implications for the way clusters are currently studied, as it 
will be a new step towards incorporating the intent and actions of the actual actors into the 
equation, the entrepreneurs and innovators who are the drivers behind the creation and 
sustainability of IDEs. 
 
Loet Leydesdorff’s paper, “The Knowledge-Based Economy and the Triple Helix 
Model”96 writes that the purpose of the Triple Helix model is,  
 
“The analytical function of the Triple Helix model is to unravel the complex dynamics of a 
knowledge- based economy in terms of its composing subdynamics. The formal model is 
not a grand super-theory: it builds on and remains dependent on appreciations of the 
phenomena at the level of the composing theories. Developments in the various discourses 
provide the data. Not incidentally, the Triple Helix model originated from the study of 
science and technology (Etzkowitz & Leydesdorff, 2000; Mirowski & Sent, 2007; Shinn, 
2002; Slaughter & Rhodes, 2004).” 
 
Yet, again, no explicit mention is made of the actors roles, no acknowledgement of the 
Seely Brown concept of the “mystery” that is inherent in the people.  It is the position of 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
95 (Heath & Bizer, 2011) 
96 (Leydesdorff, 2012) 
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this thesis that the mining of the social graph-based data of the actors will provide deep 
insights into the role the IDE-drive entrepreneur plays in the process. 
 
Of further irony is that the Triple Helix’s goals, as with a majority of regions and nations is 
to create their own “Silicon Valley.”  The paper, “Silicon Valley in the Polder? 
Entrepreneurial Dynamics, Virtuous Clusters and Vicious Firms in the Netherlands and 
Flanders,”97 represents one such paper analyzing the dynamics required to bring about this 
perceived economic nirvana.   
 
Figure 10: Map of the Silicon Polders (Hulsink, Bouwman, Elfring, 2003) 
 
Again, ironically, it speaks of the fact that, “activities of technology-based firms are 
embedded in socio-economic networks with other companies, investors, universities, 
vocational institutions, etc. The geographical proximity of those institutions and 
infrastructural hubs will partly play a role in determine the location of ICT firms 
decision.”98  
 
In effect, the paper states that the firms need to be embedded in a network, i.e., “people,” 
and includes the mention of investors, i.e., “funding.”  It also is very clear that geographic 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
97 (Hulsink, Bouwman, & Elfring, 2003) 
98 (Hulsink et al., 2003) 
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proximity is a key factor, i.e., location.  It is within this lens that this author presents the 
Penta Helix antidote to fill the gaps left implicit in the model known as the Triple Helix.   
 
Finally, the mechanics and interworkings of Silicon Valley have been studied in depth and 
documented in a wide variety of books, journals, and media.  Michel Ferrary & Mark 
Granovetter’s in their classic sociological paper, “The role of venture capital firms in 
Silicon Valley's complex innovation network,”99 is a classic, discussing at length 
innovative clusters and complex networks, and, to the points above, a diagram illustrating 
all the elements in the Penta Helix defined analysis: 
 
Figure 11: Network Diagram of Silicon Valley Innovation100 
Still, in this deep paper, where are the people?  Further, where are the IDE-driven 
entrepreneurs and where is the depiction of their network, and its intersection with the 
above network diagram of Silicon Valley?  Even this seminal paper leaves these elements 
missing.  
! '
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99 (Ferrary & Granovetter, 2009) 
100 (Ferrary & Granovetter, 2009) 
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Converging'Themes'Toward'a'Networked'Computing'Scalability'
 
The work of the “humanists” has informed a graph-based model, particularly in the sense 
that these writers never lost sight of the unique power of the individual to innovate and 
inspire. In summary, Locke & Berger’s work, and Murray’s work, when viewed through 
the lens of Padgett & Ansell, and then filtered through a lens of current on-line networking, 
indicates that the role of the actor, the individual, in the creation and sustenance of an 
innovation cluster is now more than an implicit Porterian asset.  Locke’s emphasis on trust 
and its role in building networks is enlightening in this regard.   
With today’s social network graph-based networks in wide spread adoption, the actor is 
now “discoverable” as a discrete, quantifiable network node, with track-able and 
quantifiable edge connections, represented mathematically.  The actor is no longer an 
implicit component of a Porter competitive strategy model.  This sets the stage for a more 
analytical and quantitative analysis of innovation cluster dynamics, leading toward the 
development of an innovation cluster density index, and, ultimately, a Cluster Rank, akin 
to a web-based Page Rank109.   
Historically, access to the data has been a barrier, as “person-level” data was difficult, if 
not impossible to obtain.  It was embedded in organizations: academia, industry, finance, 
government, and its discovery was largely a matter of building it from scratch in discrete 
research projects.  More so, the actual scale and magnitude of tracking economic 
ecosystems and innovation clusters was heretofore impossible.  The continued advance of 
Moore’s Law for compute performance and cloud level access to Big Data is also 
minimizing this former barrier.  Today, “actor data” is accessible, it is available in large 
graph-enabled datasets, and is ready for serious applications leveraging scalability in 
networks and computing.   
The mass adoption of LinkedIn110, now essentially resizes this once hard problem to 
something that is achievable.  The ability to access the connection data within LinkedIn, 
will be discussed further in this paper.  Accessing the data is now less of a technical 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
109 (Brin & Page, 1998) 
110 (“LinkedIn again posts strong quarterly earnings thanks to job seekers and HR pros — Tech News and 
Analysis,” n.d.) 
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problem and more of a licensing problem, in that it is a proprietary data set owned and 
controlled by a public corporation, (NYSE:LNKD)111.   
'
Intersection'with'Business'Social'Networks'
!
Of most relevance to this research, is how this thinking dovetails with the advent of online 
social networking and the adoption of it in a business context, most specifically, that of the 
world’s largest business social network, LinkedIn.112   
Embedded in the ethos of LinkedIn is the building of connections between your trusted 
business relationships.  In fact, LinkedIn’s support advises to not accept connections from 
people you don’t have a relationship with already.113  Further, LinkedIn founder Reid 
Hoffman’s views on the formation of a connection network is not new, and closely follows 
early work by Stanley Milgram and Duncan Watt’s “small world” research.  Reid writes: 
“Your allies, weak ties, and the other people you know right now are your first-
degree connections. But your friends know people you don't know. These friends of 
friends are Your allies, weak ties, and the other people you know right now are 
your first-degree connections. But your friends know people you don't know. These 
friends of friends are your second-degree connections. And those friends of friends 
have friends -- those are your third-degree connections. 
Stanley Milgram's and Duncan Watts's "small world" research shows the planet 
Earth as one massive social network; every human being is connected to every 
other via no more than about six intermediaries. Academically the theory is correct, 
but when it comes to meeting people who can help you professionally, three 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
111 (“LinkedIn Corp: NYSE:LNKD quotes & news - Google Finance,” n.d.) 
112 (“About Us | LinkedIn,” n.d.) 
113 LinkedIn’s Support pages indicate a method in insure integrity and quality of your network.  
“Introductions let you contact members in your extended network through the people you know. If you want 
to contact someone who is two or three degrees away from you, you can request an introduction through one 
of your connections. Your connection will, in turn, decide whether to forward your message on to the desired 
recipient (if in your 2nd degree network) or on to a shared connection (if in your 3rd degree network).” 
(“Introductions - Overview | LinkedIn Help Center,” n.d.) 
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degrees of separation is what matters. Three degrees is the magic number because 
when you're introduced to a second- or third-degree connection, at least one person 
personally knows the origin or target person. That's how trust is preserved.”114 
(Underline by this author)  
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
114 (“The real way to build a social network - Fortune Tech,” n.d.) 
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Graph'Theory'Applications'in'Cluster'Analysis'
!
A'Utility'in'Cluster'Analysis:'Early'work'of'Powell,'Granovetter,'et'al.'
 
The use of graph theory as a technique to understand relationships between actors has been 
extensively deployed, specifically, in the study of networks in the innovation process.  It’s 
quite interesting that the advent of Facebook and LinkedIn has made the “social  
networking” jargon part of everyday life.  These concepts, however, far pre-dated the 
inceptions of both of these firms, and served to inform researchers in understanding the ties 
and relationships, which form the creation of innovation, entrepreneurship, clusters, and 
economies.   
Of current import is the fact that the emergence of these new commercial systems, e.g., 
LinkedIn, now offers serious opportunity to further develop earlier work that had emerged 
before the aggregation of such a massive data set such as LinkedIn’s.   
'
Detecting'Strength'or'Weakness'in'a'Cluster'
!
Citing from one of the early innovators in the use of network graph theory, it’s helpful to 
represent some key concepts: 
“Several key concepts provide potent analytical tools that apply across different 
types of networks and permit assessment of their effects. First, consider the 
differences between strong and weak ties (Granovetter 1973). In interpersonal 
terms, a strong tie is a person with whom you interact on a regular basis, while a 
weak tie is an acquaintance, or a friend of a friend. Strong ties are important for 
social support, but much of the novel information that a person receives comes 
from weak ties. Strong ties are based on common interests, consequently most 
information that is passed reinforces existing views. Weak ties introduce novelty in 
the form of different ideas or tastes, and by introducing new information they are, 
for example, invaluable in job searches and other circumstances where a small 
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amount of new information is highly useful. Weak ties have a longer reach, but a 
much narrower bandwidth than strong ties. The latter are more cohesive, and often 
prove to be more effective at the exchange of complex information. 
Figure 3.1 illustrates the difference between strong and weak ties. 
Much of the research on interfirm networks extrapolates from interpersonal 
relations.2 In general, this is a plausible analytical move; however, it elides the 
question of whether relationships at the firm level are dependent on ongoing 
interpersonal ties, and whether the business relationship would be harmed or 
severed if the key participants were to depart. The extent to which 
interorganizational ties are contingent upon relations among individuals is a key 
question for scholarly research, as well as a critical challenge for business strategy 
(Gulati 1995; Powell 1998).”115 
 
Fig. 3.1 Strong and weak ties 
Figure 12: Illustration of node & edge connectivity116 
 
This important source continues to explain more fundamentals regarding the use of graph 
theory and its utility.  Central to this discussion are the core principles of network graph 
theory: “degree centrality, closeness centrality, betweenness centrality, eigenvector 
centrality, Katz centrality and Page Rank.  Within the scope of graph theory and network 
analysis, there are various types of measures of the centrality of a vertex within 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
115 (W. (Woody) Powell & Grodal, n.d.) 
116 (W. (Woody) Powell & Grodal, n.d.) 
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a graph that determine the relative importance of a vertex within the graph (e.g. how 
influential a person is within a social network, or, in the theory of space syntax, how 
important a room is within a building or how well-used a road is within an urban 
network).”117  Visual representations of the above mentioned relationships are as shown 
below: 
 
Figure 13: Visualization examples of A) Degree centrality, B) Closeness centrality, C) Betweenness 
centrality, D) Eigenvector centrality, E) Katz centrality and F) Alpha centrality.118 
The seminal text on graph theory, “Networks, An Introduction,”119 provides a deep dive 
into not only the mathematics behind graph theory, but also the wide range of applications 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
117 (“Centrality - Wikipedia, the free encyclopedia,” n.d.) 
118 15 November 2012, 15:58:53, Author Claudio Rocchini 
http://commons.wikimedia.org/wiki/File:Centrality.svg 
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it is utilized for, from Internet search (Google’s Page Rank, a measure of eigenvector 
centrality), to the world wide web, biological networks, social networks, etc.  This book 
has informed the thinking for this thesis immensely.   
Extensive work has been done in analyzing graphs for clustering, using various techniques 
in graph portioning and “cuts.”  One method employed is that of “circles,” illustrated 
below from a paper by McAuley & Leskovec: 
 
Figure 14: Illustration of the utility of clustering algorithms in graph analysis120 
It’s clear from the above example, that application of this methodology in the Cluster Rank 
Engine would enable the intersection of  the Penta Helix networks at a graph level, thereby 
more deeply understanding the impact of the individual actor on the other attributes: the 
universities, the industries, and the public and private funding sources (government, 
venture capital, etc.).  One application of this model would be a circle map describing the 
influence of all the actors in a given project, e.g., a new startup, or, a Venn overlap of the 
circles of the actors involved in a new university lab, and its intersection with other Penta 
Helix elements.  This approach allows one to model relationships, visualize them, and then 
use this to model behaviors and desired outcomes.   
Powell & Grodal have provided a lens to analyze network models that characterizes 
networks on two axes: formality of relationship versus fluidity of interactions, shown 
below: 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!
119 (“Networks: An Introduction - Mark Newman - Google Books,” n.d.) 
120 (McAuley & Leskovec, 2012), Note: Jure Leskovec maintains an excellent site, “Stanford Network 
Analysis Project, at, http://snap.stanford.edu/index.html  (“SNAP: Stanford Network Analysis Project,” n.d.) 
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Figure 15: Typology of Different Network Forms121 
The work cited by Powell & Grodal illustrates the value add of leveraging the network 
graphs of actors in the Cluster Rank Engine, there is definitive evidence that this 
networking effect material impacts cluster, and as such, is the key missing ingredient in 
current models: “The overall conclusion of this group of studies is that networks provide 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
121 “…a typology of different forms of networks, with the horizontal axis representing degree of 
purposiveness, ranging from informal to contractual. The vertical axis represents the extent of embeddedness, 
varying from open, episodic, or fluid to recurrent, dense connections among a fairly closed group 
(Granovetter, 1985). We illustrate each of the four cells with examples of types of innovation networks. In 
the lower left cell we place informal networks, such as a scientific invisible college, that emerge out of 
shared experience or common interest.” (W. (Woody) Powell & Grodal, n.d.)(Powell & Grodal, n.d.) 
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access to more diverse sources of information and capabilities than are available to firms 
lacking such ties, and, in turn, these linkages increase the level of innovation inside firms. 
Younger and smaller firms may benefit more from collaborative relationships than do 
larger firms. Most notably, firms with a central location within networks generate more 
innovative output. Both direct and indirect ties provide a positive contribution to 
innovation, but the effect of indirect ties is moderated by the prevalence of direct ties.”122 
 
! '
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
122 (W. (Woody) Powell & Grodal, n.d.) 
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A'Method'to'Predict'Outcomes'
 
This is useful also as a means of prediction. Methods of graph partitioning have been 
developed that allow one to assemble a graph, then do “cuts” to remove a section. This 
process allows one to recalculate the relevant analytics to see the overall system level 
impact.  Similarly, one could do an “add” and insert a graph construct to model the 
behavior of the system with the addition.   
 
Figure 16: Comparing a Graph with a Cut Technique123 
 
This fundamental principle is quite simple, but is presented to illustrate the potential of the 
wide range of techniques possible for a Cluster Rank Engine.  The scope of a deep 
literature review of these technologies is beyond the current parameters for this thesis.   
! '
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
123 http://commons.wikimedia.org/wiki/File:Graph_comparison.jpg 
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Big'Data'Sets:'
A'Commercially'Available'SourceJ'LinkedIn.com'
 
At a most basic level, relationship level knowledge (edge data) can be currently derived in 
a commercial sense, using the API of LinkedIn124, the world’s largest professional network 
with over 200 million members in 200 countries.  In fact, the company’s vision 
encompasses this dream,  
 
LinkedIn CEO Jeff Weiner wrote in a blog post (December 10, 2012), “Our 
ultimate dream is to develop the world's first economic graph. In other words, we 
want to digitally map the global economy, identifying the connections between 
people, jobs, skills, companies, and professional knowledge -- and spot in real-time 
the trends pointing to economic opportunities.”125 
 
For example, the Application Programming Interface (API) offered by LinkedIn on its own 
Developer Network126 provides API calls for a wide variety of links, connections and 
relationships, e.g., People, Share and Social Stream, Groups, Communications, 
Companies, and Jobs.  The utilization of the API has been used in a researched thesis at 
MIT, illustrating its utility in accessing key relevant information.127  Implementation types 
are available both in REST and JavaScript formats, as show below-   
 
People 
Leverage LinkedIn as an identity authority for application registration and signin with the benefits 
of simplifying the need for users to enter additional data. 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
124 (“About Us | LinkedIn,” n.d.) 
125 Weiner continues on this thread with an action oriented vision as well, “With the existence of an 
economic graph, we could look at where the jobs are in any given locality, identify the fastest growing jobs 
in that area, the skills required to obtain those jobs, the skills of the existing aggregate workforce there, and 
then quantify the size of the gap. Even more importantly, we could then provide a feed of that data to local 
vocational training facilities, junior colleges, etc. so they could develop a just-in-time curriculum that 
provides local job seekers the skills they need to obtain the jobs that are and will be, and not just the jobs that 
once were. 
 (Weiner, n.d.) 
126 (“APIs | LinkedIn Developer Network,” n.d.) 
127 (Ma, 2012) 
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http://api.linkedin.com/v1/people/~:(first-name,last-name,headline,picture-url)  
http://api.linkedin.com/v1/people/~/connections http://api.linkedin.com/v1/people-
search?keywords=Hacker  http://api.linkedin.com/v1/people-
search:(people,facets)?facet=location,us:84 
Share and Social Stream 
Use the share API for seamless integrations for content creators to distribute content into the 
LinkedIn network updates stream. Allow users to consume insights and content from their 
professional network. 
http://api.linkedin.com/v1/people/~/shares http://api.linkedin.com/v1/people/~/network/updates 
http://api.linkedin.com/v1/people/~/network/updates?scope=self 
Groups 
Share to groups and power the professional conversation directly from your application. Surface 
groups discussion content within your application. 
http://api.linkedin.com/v1/groups/12345/posts:(title,summary,creator)?order=recency 
http://api.linkedin.com/v1/groups/12345:(id,name,short-description,description,posts)  
http://api.linkedin.com/v1/people/~/group-memberships?membership-state=member 
http://api.linkedin.com/v1/people/~/suggestions/groups 
Communications 
Enable members to establish and grow their networks with invitations and messages to connections 
directly within your application. 
http://api.linkedin.com/v1/people/~/mailbox 
Companies 
Access company profiles and updates, and share updates from companies directly to the network 
updates stream of followers. 
http://api.linkedin.com/v1/companies/1337:(id,name,description,industry,logo-url) 
http://api.linkedin.com/v1/companies?email-domain=linkedin.com 
http://api.linkedin.com/v1/company-search:(companies,facets)?facet=location,us:84  
http://api.linkedin.com/v1/people/~/following/companies 
http://api.linkedin.com/v1/people/~/suggestions/to-follow/companies 
Jobs 
Access and search for LinkedIn Jobs via the Job-search and Jobs APIs. Allow users to save jobs 
back to LinkedIn and access their saved jobs. 
http://api.linkedin.com/v1/jobs/1452577:(id,company:(name),position:(title)) 
http://api.linkedin.com/v1/job-search:(jobs,facets)?facet=location,us:84 
http://api.linkedin.com/v1/people/~/job-bookmarks 
http://api.linkedin.com/v1/people/~/suggestions/job-suggestions 
 89 
Clearly, the open access to this level of granular “person-level” data is part of the key to 
unlocking the economic development challenges at the heart of innovation clusters, their 
development and growth.   
 
The Company Level Lookup API128 at LinkedIn is also very powerful.  It provides an 
enormous level of drill-down details on companies, and has been provided in the Appendix 
of this paper.   
 
Access to this deep level of graph-based network nodes and edge based connections is now 
feasible, reliable, and presents a far deeper view of what people do, their connections, their 
engagement, etc., with each other, intra-firm, and extra-firm.  This degree of network 
specificity now provides a fundamental stepping-stone to more deeply understanding 
cluster dynamics and what makes them tick.  Using this level of data facilitates taking the 
next steps in understanding the work of the “humanists”, but also in providing bottoms-up 
data analytics to deepen the notion of Porterian factor conditions.  Thus, integrating this 
technology and access to data within the Penta Helix model extends the understanding of 
innovation clusters, and poses a strong foundation for a “people-centric”  understanding of 
the subject matter. 
The'High'Value'of'Big'Data:'Open'Data'Initiatives'
 
The access and utilization of this impressive dataset, however, licensing129 is at issue, as it 
is proprietary and not made available in a form of open source license model.   
 
A possible solution to this access barrier for the large node-edge dataset represented by 
LinkedIn could potentially be addressed in a licensing model, which supports the notions 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
128 (“Company Lookup API and Fields | LinkedIn Developer Network,” n.d.) 
129 LinkedIn API Licensing Terms represent a common “limited fire hose” common to social apps, that 
effectively throttles the ability (“Throttle limits”- https://developer.linkedin.com/documents/throttle-limits) to 
process the “big data”,.e.g., “Applications that currently have or expect to have more than 250,000 lifetime 
members using our APIs, make more than 500,000 daily API calls, make more than 500,000 lifetime people 
search API calls, or serve greater than 1 million daily plugin impressions.”(“APIs | LinkedIn Developer 
Network,” n.d.) 
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of Open Data130. The adoption of the standards represented by ODI may help solve some of 
these access barriers.  A global trend has accelerated within the last two years, in many 
ways led by the efforts of MIT’s Sir Tim Berners-Lee’s Open Data Institute131, and the 
concept has impacted the projects and structures of large governmental organizations such 
as the World Bank132, and the White House’s133efforts to provide open accessible data.  
Various initiatives are developing globally, e.g., datacatalogs.org134, the Koblenz Network 
Collection135, etc., to aggregate, curate, and publish the ever growing large data sets 
available for study, with the most traction being made in the access to publication of large 
governmental data sets.   
 
However, LinkedIn  has contributed components of its stack for open source purposes, a 
common tactic used by industry platform leaders, enabling it to support a common good 
while simultaneously protecting a core asset, its data.  There are various initiatives at 
LinkedIn, with one of the most relevant for this thesis being the release of Apache Giraph, 
a framework for large-scale graph processing on Hadoop.  Giraph is an important platform 
level resource for the development of the proposed CDI/Cluster Rank technology, in that it 
addresses some key performance and big data management issues, .e.g.,: 
 
“The limitations of MapReduce: 
It's true: everything is a network136. Quite a few of these networks hold valuable 
insights just waiting to be mined. While it is possible to do processing on graphs 
with MapReduce, this approach is suboptimal for two reasons: 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
130 (“Open data - Wikipedia, the free encyclopedia,” n.d.) 
131 (“About the ODI | Open Data Institute,” n.d.) 
132 (“Data | The World Bank,” n.d.) 
133 (“Presidential Innovation Fellows: Open Data Initiatives | The White House,” n.d.) 
134 (“About - datacatalogs.org,” n.d.) 
135 KONECT contains over a hundred network datasets of various types, including directed, undirected, 
bipartite, weighted, unweighted, signed and rating networks. The networks of KONECT are collected from 
many diverse areas such as social networks, hyperlink networks, authorship networks, physical networks, 
interaction networks and communication networks. 
(“KONECT - The Koblenz Network Collection,” n.d.) 
136 (“Why Everything is a Network | networkscience,” n.d.) 
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. MapReduce's view of the world as keys and values is not the greatest way 
to think of graphs and often requires a significant effort to pound graph-
shaped problems into MapReduce-shaped solutions. 
. Most graph algorithms involve repeatedly iterating over the graph states, 
which in a MapReduce world requires multiple chained jobs. This, in turn, 
requires the state to be loaded and saved between each iteration, operations 
that can easily dominate the runtime of the computation overall. 
The Giraph approach: 
Giraph attempts to alleviate these limitations by providing a more natural way to 
model graph problems: 
1. Think like a vertex! 
2. Keep the graph state in memory during the whole of the algorithm, only 
writing out the final state (and possibly some optional checkpointing to save 
progress as we go). 
Rather than implementing mapper and reducer classes, one implements a Vertex, 
which has a value and edges and is able to send and receive messages to other 
vertices in the graph as the computation iterates. This approach makes graph 
computations such as PageRank simple enough that we use it as our Hello World 
example.”137  
'
! '
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
137 (“Apache Giraph, a framework for large-scale graph processing on Hadoop, reaches 0.1 milestone | 
LinkedIn Engineering,” n.d.) 
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Research'Method'and'Model'Design'
 
Toward'a'GraphJbased'Innovation'Cluster'Density'Index:'“Cluster'Rank”'
 
The Model Design for the CDI (“Cluster Rank”) is a bottoms-up model, starting with 
people.  It is presented as a system and architectural model that advances the use and utility 
of methods cited prior, with a view towards a more “person-centric” modeling of 
innovation clusters.  As discussed previously, this contrasts with the Porterian model, seen 
as more of a top-down analysis.  At the same time, the idea for the CDI is an embrace of 
the macro view Porter lends, as well as an embrace of the Powell, Murray, Stern 
methodologies as well.   
 
The main difference, at the start, is that the Cluster Rank is influenced by five key attribute 
areas: People, Place/Location, Academia, Funding, and Industry.  This was heretofore 
labeled the Penta Helix Model by this author and colleague Daan Archer.  Additionally, it 
is now possible to ascertain extremely detailed and granular data about individuals in 
economies using social networking systems, as previously discussed.  This discrete ability, 
in earlier research was not possible, and thus rendered observations and conclusions to be 
more anecdotal and non-analytical.   
 
While the CDI Cluster Rank model embraces and “stands on the shoulders” of researchers 
prior, it also extends the prior models in its deployment, utility, and use/access to its core 
underlying data.  In the earlier studies cited, at the time of their authorship, there was 
essentially no “machine learning” access to core data.  The current Cluster Mapping 
Project has elements of machine learning and Big Data, in the sense that it can reach out an 
aggregate and pull various large governmental databases into its reach.  The CMP, and the 
work-cited prior, did not document any automated method to aggregate and process the 
bottoms-up “people” data.  The Cluster Rank Model Design is a systems level design, that 
for the purposes of this thesis, proposes a distributed big data platform which collects, 
aggregates, and filters the relevant data for input into its modeling engine.   
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It is proposed in this thesis to utilize a combination of proprietary platforms and datasets, 
in combination with some open source tools and repositories, along with access to large 
governmental datasets made available as ODI-compliant, and then integrate these data at a 
platform level, in the CDI Cluster Rank system.   
 
It is further proposed to generate a graph-based model, utilizing four of the four main 
components as graphs: People, Academia, Industry, Finance, and the fifth component, 
Location (Place), as a scaling vector.  Note that scaling column vectors also provide for 
weighted graphs for People, Academia, Industry, and Finance.   
 
This will then enable a mathematical matrix model to be constructed for a given cluster, 
sector, region, etc.  The cluster can be defined by geo-coordinates, or by sector, e.g., iOS 
gaming, and thus generate a virtual cluster.  Each cluster can then be assigned a rank, 
generated by the  various analytics produced: e.g.,  degree centrality, closeness centrality, 
betweenness centrality, eigenvector centrality, Katz centrality, clustering coefficients, etc.   
A'Bundling'and'Unbundling'of'Cluster'Data'
 
This methodology enables a new way to look at the “bundle” that we call an innovation 
cluster.  It enables us to determine, in a much more real time fashion than done prior, what 
the cluster dynamics are.  And, as in many technologies, once bundling has occurred, 
unbundling is soon to follow, as a means to extract more value from the process.   
 
This “un-bundling” of a cluster will also allow a given cluster to be directly compared with 
a similar cluster.  It will also enable the combination of “virtual clusters” together, which 
could inform decisions for investing, M&A, etc.  Essentially, this approach yields a 
componentization of clusters, which allows them to be aggregated, disaggregated, and 
interrogated for various factors.  An example would be you have a given Cluster X and a 
similar Cluster Y in a different region or country.  The CDI Cluster Rank could be used as 
a tool to discretely identify the missing elements.  Likewise, from a strategic M&A 
perspective, a large firm could target a smaller supply chain firm in a competitive cluster 
for takeover, close it down, and thereby damage its competitor’s cluster ecosystem. 
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In short, the ability to “un-bundle” the elements in a cluster, using big data analytics and 
graph-based technologies, can potentially provide tools for increased utility in a variety of 
decision-making modes.   
 
Being able to discretely run analyses on all global clusters will be a vast enhancement to 
projects currently underway via the EU, the OECD, and the Cluster Mapping Project.  A 
dataset is possible with high visualization impact, illustrating cluster dynamics at a 
granular level, down to the point of tracking the migration of knowledge workers, and their 
impact to a cluster.   
 
Further, taking time slices of the analytics and storing them for future comparative reviews 
will allow a new generation of cluster metrics to be derived and evolved.  Examples would 
be to, over time, calculate the “ascent velocity” of a given cluster, or contrarily, its 
“descent velocity,” which may provide enough data for leaders and managers to take pre-
emptive measures.  Fundamentals that we see in physics could also be employed, such as 
acceleration, momentum, etc.  It is predicted that a cluster’s “viscosity” could be derived, 
allowing the ultimate derivation of an “economic Reynolds Number.”138  
 
! '
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
138 (“Reynolds number,” 2013) 
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A'Proposed'Method'&'Architecture'to'Determine'Cluster'Rank'
 
Systems'Description:'
 
The system design is inherently distributed, i.e., cloud-based, and searches, aggregates, 
filters, and processes its results based on the Cluster Rank CDI methods.  It uses methods 
and techniques referencing inventions and patents filed prior by this writer,139 thus enabling 
a proximal relevancy ranking and a systematic catalog of reference for processing.  The 
system design enables the embedding of linked nodes between datasets, as determined by 
its algorithms, to facilitate processing for its Cluster Rank ranking algorithms.   
 
The system is designed to enable real time virtual aggregation of the target datasets, 
whereupon the CDI Big Data Filter Sets enable the application of RDF graph-based 
constructs, and the facilitation of systematic cataloging, with its output provided additional 
value-add as a linked data object.  A graph assembler processes relationships and does 
fundamental calculations based on the user generated queries, e.g., centrality, degree, 
closeness, and betweenness, while the static cache store caches results for the visualization 
engine.  The visualization engine produces various output forms for review, e.g., heatmaps, 
analytics, metrics, on-the-fly queries, and results.   
 
The following diagram depicts a schematic level view for an architecture to determine 
Cluster Rank, the Cluster Rank Engine.  The system is, by definition, a big data distributed 
information processing system.  It mines and ingests data at n sources, and assembles the 
data as a linked data index, heretofore called the CDI Aggregated dataset.  This dataset 
then has sustained utility for a wide range of analyses: descriptive reporting, gap analysis, 
game theory modeling of potential “impacts” to a cluster, e.g., the closing down of an 
entity with a high centrality, the moving into the cluster of a gorilla, e.g., a Google, or the 
arrival of a new serial entrepreneur in an ecosystem.  All of these scenarios, of which there 
are many more, are able to be modeled in the Cluster Rank Engine.  Outputs of these 
modelings can be provided in a number of ways, particularly leveraging visualization 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
139 (Harple, n.d.-a, n.d.-b) 
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technologies, such as heatmaps, “Hidalgo maps,” etc.  The intention of the Visualization 
engine is its ability to interface and display with all devices accessing the internet, from 
mobile to desktop, enabling a solid user experience.  The Cluster Rank Engine architecture 
is as shown below: 
 
!
Figure 17: Systems Level Schematic of Cluster Rank Engine 
 
Note that the architecture is structured such that new datasets can be inserted, or deleted, 
when deemed relevant (“Distributed Datasets (m,n)), and as of the writing of this thesis 
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there are a number of discretely targeted datasets, which include but are not limited to 
those in this footnoted citation.140  
 
!
! '
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
140 (“About - datacatalogs.org,” n.d., “About the ODI | Open Data Institute,” n.d., “Data | The World Bank,” 
n.d., “Global Innovation Index,” n.d., “Innovation in the EU 2011 - URENIO Watch,” n.d., “Startup Genome 
- locally-curated startup community data and maps,” n.d.; Porter, Delgado, Ketels, & Stern, 2008, p. 2011) 
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Establishing'the'CDI'Cluster'Rank'Variables:''An'Engine'for'Cluster'Rank'
 
Toward'a'People'Variable:'Estimating'the'“Mystery”'
 
As is the premise of this thesis, we start at a point working from the bottoms-up: we start 
with people.  It has been established that we can derive the graph of an individual, by 
accessing the LinkedIn API for each person’s graph.  Although this data is currently not 
licensed as Open Data, it is accessible currently, and has been utilized for the purposes of 
this thesis.   
 
Integration'of'the'CDI'Network'Model'
 
The development of the following model is intended to be integrated in a real time 
software-based platform, which sources and aggregates the data from disparate sources on 
the Internet.  These sources are sometimes straightforwardly obtained via commercial 
APIs, such as LinkedIn (See Appendix for example), or in distributed repositories, such as 
those discussed earlier in Table 1: “Disparately Sourced Indicators available on the 
Internet.”  Upon ingesting the data sources, the CDI Network model performs analyses of 
the graph data, as discussed in the next sections.  The approach to the following model is 
different in that it implements a Penta Helix model, it sources data, in real time from the 
Internet, and it takes advantage of “people-centric” network graph data in a new way.  The 
integration of big data, open, available, and “noisy,” on the Internet, coupled with the 
integration of specifically targeted less “noisy” data, e.g., LinkedIn, processed with the 
appropriate filters and algorithms, provides a new lens for evaluating cluster dynamics. 
 
Further integration of this approach could be utilized in a number of ways.  One could be 
to “back test” the data presented in such seminal work as Padgett and Ansell, and build a 
graph based “LinkedIn” forensically, to query with the LinkedIn API, factor in the location 
boundary conditions, the graph based weighting factors, e.g., university and /or family 
affiliation ranks for the Medici families, and posthumously derive a Medici CDI.  This is 
just one method to utilize this new approach to looking at the historical data set.   
 102 
In the process of this type of back tested integration work, one could define and validate 
many of the observations set forth by the “humanists” with the use of direct data.  Note 
that this method was not possible then, as the actual mental model for a device such as 
LinkedIn was not yet fully formed, nor were the technologies or networks to deploy a 
method.  In that regard, the CDI Cluster Rank Engine is a method to be deployed to not 
only sense and provide “instrumentation” for the data acquisition of current innovation 
clusters, but also as a potential means to look back, through this new type of lens, and 
compare and contrast the observations. 
Derivation'of'the'CDI'Cluster'Rank'Variables'
 
For purposes of this illustration, we will assume the example person is a 
founder/entrepreneur.  With the understanding that the person’s graph can be represented 
by an adjacency matrix141, we shall label the graph of person n as P, where, 
(1.0)''Actor’s'Graph'as'a'Matrix'
 !!= !"#$%&'%(! "#$%&!!"!!"#$%&'#!!"#$%&!!"#$ℎ  
 
where, each person shall  have his or her own graph, and adjacency matrix with, 
 ! = !"#$%&!1!!ℎ!"#$ℎ!!,!"# 
Given that each !! can be represented as a matrix, it is then subject to fundamental matrix 
mathematics.  Research to-date has focused on an individual’s influence and power in the 
inception and creation of new ventures, market segments, and finally, clusters.   
 
However, there is currently no clear metric to assess the person’s potential influence value 
on the venture, a firm, or a cluster.  John Seely Brown has written eloquently on the 
“mystery”142 that exists in people that enables them to inspire and innovate.  In the 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
141 (“c# - Calculating adjacency matrix from randomly generated graphs - Stack Overflow,” n.d.) 
142 “This interplay between the informal and the formal suggests to us why Marshall doesn’t simply say that 
in a cluster there’s a lot of information in the air. Instead, he uses this curious word mysteries. By it, he no 
doubt means that what would be secret elsewhere is public knowledge within these clusters. But to anyone 
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footnoted passage below Seely Brown speaks of the mystery, and how it comes with the 
territory.  It is the premise of this paper that a material part of this “mystery” is captured at 
a base value in the individual’s graph !!, and that the representation of the “mystery” 
value can be estimated in a weighted network graph143, by applying specific column 
vectors as a scaling factor for !!, thus establishing a deeper “value quotient” for an actor 
in a cluster, that being person !!.  In so doing, we would then have a quantitative indicator 
of the potential influence value on the venture, a firm, or a cluster, brought forth by a 
person: a bottoms-up assessment of the “people value” inherent in entrepreneurial 
endeavors.   
 
Assuming that a single person has the power to innovate, invent, and essentially be a seed 
for a cluster, we can derive an “influence” value on each person, !!.  Thus, we can make 
the assertion that !!, as the primary matrix, can then be affected by its weightings.  This 
would then produce a !! that embeds some of the “mystery” discussed by Seely Brown.  
How would we do this? 
(2.0)''Actor’s'weighted'graph'as'a'Matrix'
 ! !!"! = ! !! ! !!  
where,!!! is represented as a column vector as shown below, the Value Vector: 
(2.1)''Actor’s'weighting'Factors'represented'as'a'column'vector:'
!
!! =
!"#$%&':!! = !"#$%&'#()!!""#$%#%!!"#!!"#$"%&'! = !"#$%! "#$!!"#!!"#$"%&'!" = !"#$%&"!!"#$%"&! "#$%&'!!"#!!"#$"%&'!" = !"#$%#&!!"#$%&%!"2 = !"#$#"%&'!!"#$%&ℎ!"! = !"#$"#%&!!"#$"%&'!!"#$%&! 0, !" , 1, !"#! = !"ℎ!"!!"#$%#&'(!!"#$!"#$%
=
!!!"!"!"2!!
 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!
who was a student of English manufacturing as Marshall was, the word means a good deal more. 
Historically, mystery was a term for the old Guilds, associations or networks of craftsmen. Marshall seems to 
suggest that in clusters, these networks are no longer formal organizations, but come with the territory.” 
(“johnseelybrown.com: chief of confusion,” n.d.) 
 
143 (Demaine, Emanuel, Fiat, & Immorlica, 2006; Opsahl & Panzarasa, 2009; “Weighted network - 
Wikipedia, the free encyclopedia,” n.d.) 
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Using the above equation matrix equation 2.0 we can derive a value, which represents a 
given person’s index value as a component of the CDI, or, Cluster Rank.  Using this, it is 
clear that a given actor’s role is a function of a variety of variables: their core LinkedIn 
graph, the universities they attended, the deals they’ve already done, their VC network 
graph value, their patents, and their citations.  Note that the variable n has been inserted on 
the column vector, so as to indicate that there are clearly other potential scaled weighting 
factors, which influence a given actor’s P !!"!.  This leaves room for much more research, 
including but not limited to, the incorporation of concepts and variables identified by other 
researchers, e.g., Florida, Powell, Murray, et al.  
 
To further explore and present an example of this component, we must still define several 
other variables, namely:  
 !"#$%&':!! = !"#$%&'#()!!""#$%#%!!"#!!"#$"%&'! = !"!"#! "#$!!"#!!"#$"%&'!" = !"#$%&"!!"#$%"&! "#$%&'!!"#!!"#$"%&'!" = !"#$%#&!!"#$%&%!"2 = !"#$#"%&'!!"#$%&ℎ!"! = !"#$"#%&!!"#$"%&'!!"#$%&! 0, !" , 1, !"#! = !"ℎ!"!!"#$%#&'(!!"#$"%&'(
=
!!!"!"!"2!!
 
 
! '
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(3.0)''Definition'of'!!'weighting'factors'
 
Establishing the weighting factors is subject to a more rigorous evaluation.  For purposes 
of this thesis, and the time limits it imposes, we shall consider the following research as a 
backdrop to inform the derivation of each factored attribute, where, 
 ! = !"#$%&'#()!!""#$%#%!!"#!!"#$"%&'  
 
A proposed method for this variable is to have it ranked on a scale of 1 to 10, with 10 
being the highest ranking.  This ranking could be based on a number of variables, e.g., # of 
Professors, # of PhD students, # of patents, # of citations, etc.  An alternative approach 
could be used by MIT and Stanford, as documented in the two reports: (a) “Entrepreneurial 
Impact: The Role of MIT”144, and, (b) “Stanford University- Impact: Stanford University’s 
Economic Impact via Innovation and Entrepreneurship.”145  This approach has more 
validity, in the sense that it not only measures a university’s academic impact, but also the 
economic impact.   
 
The Stanford report was published after the MIT report, perhaps as a response to the MIT’s 
report statement that, “A less-conservative direct extrapolation of the underlying survey 
data boosts the numbers to some 33,600 total companies founded over the years by living 
MIT alumni, of which 25,800 (76 percent) still exist, employing about 3.3 million people 
and generating annual worldwide revenues of $2 trillion, the equivalent of the eleventh-
largest economy in the world.”146 (Underline by this author)  Note that Roberts published 
an update to the 2009 MIT report in 2011.147 
 
The Stanford report goes on to state: 
 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
144 (Roberts & Eesley, 2009) (Bonsen, 2006) 
145 (Eesley & Miller, 2012, n.d.) 
146 (Roberts & Eesley, 2009) 
147 (Roberts & Eesley, 2011) 
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“Stanford’s Eesley is one of two authors of the MIT alumni survey, and as a 
benchmark, the results of the Stanford survey can be compared to the MIT survey. 
A very similar methodology was used (Roberts and Eesley, 2009; 2011; Eesley, 
2011). The MIT alumni survey has also been used in peer-reviewed academic 
publications (Hsu, Roberts & Eesley, 2007; Roberts and Eesley, 2011). 
… 
The total population of MIT alumni is 105,928; 43,668 responded to the first wave 
of the survey. If you adjust the differences in alumni population size (Stanford’s 
142,496 and MIT’s 105,928), that is a ratio of 1.345.  It would result in an “MIT 
adjusted size” jobs estimate of 4.4 million, revenues of $2.5 trillion, and the 
number of companies 34,700.  These estimates for the Stanford survey were 5.4 
million jobs, $2.7 trillion in revenues and 39,900 currently active firms. Therefore, 
our estimates appear to be of a reasonable scale relative to prior surveys.”148 
 
The conclusion of this author is that this kind of economic impact study by a university is 
rich, deep, and insightful.  Its utility is very tangible, and certain key data points, as 
summary index variables would be very informative as part of the University Attended 
CDI Variable.  The three key “outcome” economic outcome variables of these studies are: 
 
1. Jobs generated estimate (e.g., 4.4 million for MIT, 5.4 million for Stanford) 
2. Number of active firms estimate (e.g., 34,700 for MIT, 39,900 for Stanford) 
3. Revenue estimate (e.g., $2.5 trillion for MIT, $2.7 trillion for Stanford) 
 
It is proposed to include these three key economic output variables, as well as the 
previously mentioned academic variables in the derivation of the variable, A, University 
CDI Variable.  In this context, the highest “score” would be a 10, the lowest a 1.  Note that 
the examples run following this section “Model examples) use a value for A of 10, and 5.  
At issue with using the MIT/Stanford economic outcome rubric is the fact that it is likely 
that it has not been performed in all universities, and, unless offered up for peer review, 
may present bias in the university’s representations. Nevertheless, having this valuable 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
148 (Eesley & Miller, 2012) 
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data at-hand would provide deep insights into the leverage factor a person gets from their 
university.  This thesis makes the case that it is a material factor and provides an element 
in the column vector for a weighted graph analysis.   
 ! = !"#$%! "#$!!"#!!"#$"%&'  
 
Given that the !! is intended to represent the value a given actor brings to an economic 
ecosystem, or innovation cluster, another weighting factor to consider is the experience of 
the individual with regards to “getting deals done.”  Note that for purposes of this analysis, 
the actual graph of the actor’s relationships is derived from a reliable source such as 
LinkedIn, it is still not representing the individuals “leverage” from the variable D, except 
at an implied level, i.e., it could be stated that the contacts and relationships an actor has 
are directly connected to prior deals.  This has been shown in prior research, particularly 
that of Murray.149  The intent here, with variable D, is to make this factor more explicit.   
 
Simply put, the premise is that if an entrepreneur has figured out how to get a deal done, 
their weighting factor should be higher.  Interpretation to the actual meaning of “deals 
done” is open to interpretation, but for purposes of this thesis, it is meant to reflect the 
amount of firms the individual founded or co-founded.  Note that in the Model examples 
illustrated below, that value for each of the two scenarios was set at 3.   
 !" = !"#$%&"!!"#$%"&! "#$%&'!!"#!!"#$"%&'  
 
The intention of this variable is to apply weighting leverage to !!, akin to the variable D, 
and, variable A.  It is widely believed that the relationship capital an entrepreneur has with 
quality venture capital firms is one indicator of potential success and positive outcomes.  
The “power” or “value” of ones network in this regard is directly tied to the VC network 
one is a part of.  Hockberg, Ljungqvist & Lu’s paper, “Whom You Know Matters: Venture 
Capital Networks and Investment Performance,”150 is a deep analysis of this phenomenon, 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
149 (Casper & Murray, 2005) 
150 (Hochberg, Ljungqvist, & Lu, 2007) 
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including a long term study of the network graphs between investors and entrepreneurs, 
weighted adjacency matrices, degree centrality, closeness, and betweenness, eigenvector 
centrality: all key indicators of the leverage or “column vector” one would get by being 
able to be a part of this network.   
 
It is theoretically possible to derive this network graph, again, using the API of LinkedIn.  
To do so, would require a query of the universe of venture capital firms, such universe that 
could be queried in API calls, as well as be referenced by various current sources.151 A sort 
on this data would yield the results discussed in Hockberg, Ljungqvist & Lu’s paper, i.e., 
weighted adjacency matrices, centrality, degree, closeness, and betweenness , all of which 
could then be cross-correlated back to each discrete firm, thereby deriving a weighting 
factor.  A more mundane result could be used as well using publicly available data on 
venture capital firms,e .g., National Venture Capital Association, Dow Jones VentureONE, 
etc.152 
 
As with variable A, it is the intention to then provide a ranking of 1 to 10 for this variable, 
with the highest being a 10.  Parsing this into the column vector will mathematically 
represent the VC Network CDI variable, as it tends to inform the overall ! !!"!.   
 !" = !"#$%#&!!"#$%&%  
 
The intention of this variable is to also apply weighting leverage to !!, providing a column 
vector quantity based on the # of patents awarded to the actor, Person !!.  This is a 
discrete value from 0 to n, and can be mined in either the LinkedIn API, or via a 
distributed dataset search into the various patent databases querying on Person !!’s name.   
 
 !"2 = !"#$#"%&'!!"#$%&ℎ!"  
 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
151 (“The Top 10 VC Firms, According To InvestorRank | TechCrunch,” n.d.) 
152 (“Downloads | VC Industry Statistics,” n.d.)(“Sand Hill Econometrics - Tools for Benchmarking Venture 
Capital,” n.d., “Thomson Reuters | Venture Capital Indices | Financial,” n.d.) 
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The intention of this variable is to also apply weighting leverage to !!, providing a column 
vector quantity based on the # of citations published the actor, Person !!.  This is a 
discrete value from 0 to n, and can be mined in either the LinkedIn API, or via a 
distributed dataset search into the various citation databases querying on Person !!’s 
name.   
 ! = !"#$"#%&!!"#$"%&'!!"#$%&!(0, !"), (1, !"#)  
 
The intention of this variable is to also apply weighting leverage to !!, and is proposed to 
be binary, 0 if the Person !!  has not participated in an exit/liquidity event, and 1 if Person !! has.  
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(4.0)'Model'Examples:'Comparing'Actor’s'Graphs'with'Weighting'Factors'
 
Example 1153: To illustrate the utility of Equation (1.0), consider a Simple Graph of !!, 
where n = a random person, and the column vector is shown as Input matrix B: 
!
Figure 18: Simple Graph example to illustrate utility of Equation 1.0 
Which is represented by an adjacency matrix of: 
 !!= !"#$%&'%(! "#$%&!!"!!"#$%&′!!!"#$ℎ  
where, 
the edge list is represented as a 6 node graph: (1,2), (1,5), (2,3), (2,4), (3,4) (3,5), and (3,6). 
 
which can be represented as a matrix as !!", 
!!=!!
0!1!0!0!1!01!0!1!1!0!00!1!0!1!1!1!0!1!1!0!0!01!0!1!0!0!00!0!1!0!0!0!
 
  
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
153 For example purpose, this simple graph is taken from Figure 6.1,pg. 111, of “Networks, An Introduction,” 
(“Networks: An Introduction - Mark Newman - Google Books,” n.d.) 
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Example 1: Model 1- Same Weightings, with Liquidity event equals yes (1): 
!
Model 1a: Same Weightings, with Liquidity event equals no (0): 
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Model 1b:  
Same Weightings, with University Level at half of prior models, Liquidity event equals no 
(0): 
!
Example 2: Model 2- Same Weightings, with Liquidity event equals yes (1):'
Example 2: To illustrate the utility of Equation (1.0), consider a Simple Graph of !!, 
where n = a random person, but we add an additional edge connection, and the column 
vector is shown as Input matrix B: 
 
Figure 19: Simple Graph example to illustrate utility of Equation 1.0 with an added edge!
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Which is represented by an adjacency matrix of: !!= !"#$%&'%(! "#$%&!!"!!"#$%&′!!!"#$ℎ  
where, 
the edge list is represented as a 6 node graph, with the additional edge connectivity 
between nodes 1 and 3: (1,2), (1,5), (1,3), (2,3), (2,4), (3,4) (3,5), and (3.6). 
which can be represented as a matrix as !!", 
!!=!!
0!1!1!0!1!01!0!1!1!0!01!1!0!1!1!1!0!1!1!0!0!01!0!1!0!0!00!0!1!0!0!0!
 
 
Model 2: Same Weightings, with Liquidity event equals yes (1): 
 
!
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Model 2a: Same Weightings, with Liquidity event equals no (0): 
 
Model 2b:  
Same Weightings, with University Level at half of prior models, Liquidity event equals 0: 
!
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Summary of the Example results:!
 Same Weightings 
Liquidity = yes 
Same Weightings 
Liquidity = no 
Lowered Academia 
Weighting 
Liquidity = no 
Model 1 Output Vector 7 
22 
19 
4 
11 
1 
7 
22 
18 
4 
11 
1 
7 
17 
18 
4 
6 
1 
Model 2 Output Vector 
(Added 1 Edge Connection) 
8 
22 
29 
4 
11 
1 
7 
17 
18 
4 
6 
1 
8 
17 
23 
4 
6 
1 
Figure 20: Results comparing impact of the Added Edge on the Output Vector 
 
The results shown above in Figure 20 indicate that two changes had an effect on the 
results: the variable for University attended, and the simple addition of a single edge 
connection between node 1 and node 3.  It’s clear that the Model 2 output was enhanced 
via the simple act of adding an edge, thereby enhancing its utility and value.  This simple 
proof illustrates the utility of the proposed CDI Method in determining the network effect 
of people on an innovation ecosystem, providing a new way to look at Porterian “factor 
conditions,” from a bottoms-up person-centric perspective.   
'
! '
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Cluster'Rank:''A'GraphJBased'Innovation'Cluster'Density'Index'
 
If one were to summarize the key criteria for cluster metrics, based on this research, it 
would be represented, at minimum, in the following table: 
People Place (Location) Academia Funding Industry
Degrees by type Space Availability # Universities: VC Firms Patents
Space Cost # Faculty/Capita (4.3.2) Fund Size Citations
Wages (4.1.1) Infrastructure: # Students # Deals Done # Startups
Income (4.1.2) Tech Pole Index (4.2.1) Citations $/Deal Average # Non-Startups
Human Capital (4.1.3) Tolerance (4.3.1) Patents Valuation of Companies in 
the Cluster
Creative Class (4.1.4) Consumer Service Amenities 
(4.3.3)
Super Creative Core 
(4.1.5)
Region Size (regions over a 
million population; 500,000–1 
million; 250,000–500,000 
and5250,000)
Govt. Programs
Govt. Funding
Influenced by Florida Influenced by Florida MIT/Stanford Methodology
Attribute
 
It is clear that each major attribute could have many more sub-categories to describe it.  
The purpose of this thesis is not to exhaustively describe the sub-category elements, but 
more to present a systems level model that will allow for more of an automated machine 
learning approach to generating, describing, filtering, comparing, and predicting 
innovation cluster dynamics.   
 
The analytical model for the CDI Cluster Rank can be identified as matrices, with those 
matrices data accessible via a combination of big data open data repositories, and, a 
combination of commercial social graph firms who provide application programming 
interfaces (APIs) to access their proprietary content, e.g., LinkedIn. 
 
The intent of the CDI is that it can be deployed in any geography, and have a resolution 
that can zoom into the most local of cluster environments.  Mathematically, the CDI 
Cluster Rank model can be expressed as,!  
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(5.0) Cluster Rank:  A Definition !! = Innovation!Cluster!Density!Index!(CDI),where!C X = C!!!for!Cluster!X!!!!!! 
 where!X = Cambridge,Amsterdam, etc. 
 
 
Where, ! ! = !! = ! !"#$%&'! "#$!!!! !!! 
 where!s = sector, e. g. , biotech,pharma, gaming, software, etc. 
 
And C! for a given cluster is the summation of its Cluster sector attributes, represented as  
 ! !(!)!!!! = !"#$%&!!"#$%&'! "#$ 
where,   
 !(!)!!!! !!!"#!"$"%&$!!ℎ!!!""#$%&'#"!!"#$%&'! "#$%&'!!"#!!!!""#$%&"'!!"#!!ℎ!!!"#$%!!"#$%&, 
 
where, initially, for the purposes of this thesis, we define the Penta Helix Attributes as: 
 ! = 1 = !"#$%"!!"#$ℎ ! = 2 = !"#$%! !"#$%&"' !"#$%&', !.!. ,!"#$%&'(!!"#$%&%"#' ! = 3 = !"#$%&'#! "#$%&' ! = 4 = !"#$%#&!!"#$%&'! !",!!"#$%&#%', !"#.  ! = 5 = !"#$%&'(! "#$%&' 
 
 
with various considerations being made for the following: 
 
• infrastructure score 
• human capital (talent pool), # qualified and educated people 
• # universities within close proximity 
• # corporations within close proximity 
• # startups 
• # patents in the sector 
• level of funding/VC in the sector ($) 
• Government coord. Programs 
• Etc.  
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(6.0) Sector Cluster Rank: A Definition 
 
Further, to arrive at a discrete value for a given cluster sector, !(!)!!!!  it is proposed that 
each cluster would be derived as, 
 ! ! !!!! = ! ! !!"! + ! !!"! + ! !!"! + ! !!"! ! ! ! = ! !! = ! !"#$%&!!"#$%&'! "#$!!!!  
 
where, the weighted People Graph is represented by, 
(6.1) Sector Cluster Rank: Bottoms-up People Weighted Network Graph Index 
 ! !!"! = ! !! ! !!  
 
which represents the unbundled total People Graph weighted graph, which can be 
calculated separately, and, displayed as a separate layer in the CDI Cluster Rank 
visualization engine. 
 
Where, 
!! =
!"#$%&':!! = !"#$%&'#()!!""#$%#%!!"#!!"#$"%&'! = !"#$%! "#$!!"#!!"#$"%&'!" = !"#$%&"!!"#$%"&! "#$%&'!!"#!!"#$"%&'!" = !"#$%#&!!"#$%&%!"2 = !"#$#"%&'!!"#$%&ℎ!"! = !"#$"#%&!!"#$"%&'!!"#$%&! 0, !" , 1, !"#! = !"ℎ!"!!"#$%#&'(!!"#$"%&'(
=
!!!"!"!"2!!
 
 
where the  definition of the Factors was stated previously in section (3.0)  Definition of !!  weighting factors: 
 
where, the weighted Academia Graph is represented by, 
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(6.2) Sector Cluster Rank: Academia Weighted Network Graph Index 
 ! !!"! = ! !! ! !!  
 
which represents the unbundled total Academia Graph weighted graph, which can be 
calculated separately, and, displayed as a separate layer in the CDI Cluster Rank 
visualization engine. 
 
where, A!  is represented as the Academia Network Graph, and, V! !is represented as a 
column vector as shown below, the Academia Value Vector: 
 
(6.2.1)''Academia'weighting'Factors'represented'as'a'column'vector:'
 
for a given geographic radius R, centered about a central point, the following initial vector 
variables are proposed: 
!
!! =
!"#$%&':!! = #!"#$%&'#(#%'! = #!"#$%&'!!"!!"#$%! "#$%&'#(#%'! = #!"#$%&"'!!"!!"#$%! "#$%&'#(#%'!" = !"#$%#&!!"#$%&%!!"!!"#$%! "#$.!"2 = !"#$#"%&'!!"#$%&ℎ!"!!"!!"#$%! "#$.!!! = !!""#$"%&$'! "#!!!"!#$%ℎ!!"#$%&! = !"ℎ!"!!"#$%#&'(!!"#$"%&'(
=
!!!!"!"2!!
 
 
where, the weighted Industrial Graph is represented by, 
(6.3) Sector Cluster Rank: Industry/Services Weighted Network Graph Index 
!
 ! !!"! = ! !! ! !!  
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which represents the unbundled total Industrial Graph weighted graph, which can be 
calculated separately, and, displayed as a separate layer in the CDI Cluster Rank 
visualization engine. 
 
where, I!  is represented as the Industry/Services Network Graph, and V! !is represented 
as a column vector as shown below, the Industry Services Value Vector: 
 
(6.3.1)''Industry/Services''weighting'Factors'represented'as'a'column'vector:'
!
for a given geographic radius R, centered about a central point, the following initial vector 
variables are proposed: 
 
!! =
!"#$%!":!! = #!"#$%&!!"#"$%&'!!"#$%! = !!"!#$%ℎ!!"#$%&!!"!!"#$%! = !"#$%&!!"#$%!!"!!"#$%!" = #!"#$%#&!!"#$%&%!"# = #!"#$%&'#!!"#$$!!"#$%&''(! = #!"#$"%&'! = !"ℎ!"!!"#$%#&'(!!"#$"%&'(
=
!!!!"!"#!!
 
 
 
where, the weighted Finance Graph is represented by, 
(6.4) Sector Cluster Rank: Financing Weighted Network Graph Index 
 ! !!"! = ! !! ! !!  
 
which represents the unbundled total Finance Graph weighted graph, which can be 
calculated separately, and, displayed as a separate layer in the CDI Cluster Rank 
visualization engine. 
 
where, F!  is represented as the Financing Network Graph, and V! !is represented as a 
column vector as shown below, the Financing Value Vector:!  
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(6.4.1)''Financing''weighting'Factors'represented'as'a'column'vector:'
 
for a given geographic radius R, centered about a central point, the following initial vector 
variables are proposed: 
!
!! =
!"#$%&':!! = !"#$""!!"!!"#$.!"#$%#&!!"!#$!%$&! = #!"!!"#$%&"!!"#$%!" = !"#$%&"!!"#$%"&! "#$%&'!!""#$"%&$!!"#$%#&! = #!"#$#%"#&'!!"!!"#$!!"#$!!"#$%&!!! = !"#$%!!!"!!"#$#%"#&'!!"!!"#$!!"#$!!"#$%&!!! = !"#$"#%&!!"#$"%&'!!"#$%&! 0, !" , 1, !"#! = !"ℎ!"!!"#$%#&'(!!"#$"%&'(
=
!!!"!!!!
 
 
 
where, the weighted Location Column Vector is represented by, 
 
(6.5) Sector Cluster Rank: Location Column Vector Graph Indices 
 ! !!"! = !!  
 
which represents the unbundled total Location weighted column vector, which can be 
calculated separately, and, displayed as a separate layer in the CDI Cluster Rank 
visualization engine. 
 
where, V! !is represented as a column vector as shown below, the Location/Infrastructure 
Value Vector: 
 
for a given geographic radius R, centered about a central point, the following initial vector 
variables are proposed: 
 
! '
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(6.5.1)'Location''weighting'Factors'represented'as'a'column'vector:'
!
!! =
!"#$%&':!! = !"!!"##$%&!!""#$%&'#"!!"#$%! = !"!!"#$%"!!""#$%&'#"!!"#$%"&$'! = !"#$%! "#"$%&'"()!!"#$%! !"! !!"#$%! = !"#!!"#ℎ!"#"$%!!"#$%! = !"#$%!!"#$! "#$%&'(&!!"#$%! = !"ℎ!"!!"#$%#&'(!!"#$"%&'(! = !"ℎ!"!!"#$%#&'(!!"#$"%&'(
=
!!!!!!!
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(7.0) Variable and Data Source Matrix Table 
 
The table below summarizes a range of variables and sources relevant for the big data 
aggregation component of the CDI Cluster Rank Engine, with the variables/metrics being 
sourced pursuant to the inclusion in the Sector Cluster Rank (6.0), defined as, 
Table 2: Variable and Data Source matrix 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
154 Alternate methods exist to derive a graph for the variable.  2 methods proposed are a commercial API 
from LinkedIn, or, a CDI Cluster Rank Engine algorithm using RDF and FOAF models. (“APIs | LinkedIn 
Developer Network,” n.d., “Dave Beckett’s Resource Description Framework (RDF) Resource Guide,” n.d., 
“FOAF-a-matic -- Describe yourself in RDF,” n.d., “Large-scale RDF Graph Visualization Tools | 
AI3:::Adaptive Information,” n.d.) 
155 Ibid. 
Graph-Based Matrix Model: Represented by the the Variables: 
 ! ! !!!! = ! ! !!"! + ! !!"! + ! !!"! + ! !!"! ! ! ! = ! !! = ! !"#$%&!!"#$%&'! "#$!!!!  
Where, 
! !!"! = ! !! ! !!  ! !!"! = ! !! ! !!  ! !!"! = ! !! ! !!  ! !!"! = ! !! ! !!  
Summary List of Indicators 
Graph 
Data  
Source 
Data Type Representative Boundary Condition and Weighting Factor Data Sources 
!!  People: Referenced as a Weighted Graph Linked In API154 or RDF FOAF  Graph Array, Matrix, 
Centrality 
Metrics 
Eigenvalues 
The LinkedIn API Schema is- 
https://code.google.com/p/linkedin-
j/source/browse/trunk/linkedin-
j/core/src/main/resources/com/google/code/linkedi
napi/schema/linkedin-api-schema.xsd 
!!  Academia: Referenced as a Weighted Graph Linked In API155 or RDF FOAF Graph Array, 
Matrix, 
Centrality 
Metrics 
Eigenvalues 
The LinkedIn API Schema is- 
https://code.google.com/p/linkedin-
j/source/browse/trunk/linkedin-
j/core/src/main/resources/com/google/code/linkedi
napi/schema/linkedin-api-schema.xsd 
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!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
156 Ibid. 
157 Ibid. 
!!  Industry: Referenced as a Weighted Graph 
 
Linked In 
API156 or 
RDF FOAF 
Graph 
Array, 
Matrix, 
Centrality 
Metrics 
Eigenvalues 
The LinkedIn API Schema is- 
https://code.google.com/p/linkedin-
j/source/browse/trunk/linkedin-
j/core/src/main/resources/com/google/code/linkedi
napi/schema/linkedin-api-schema.xsd 
!!  Funding (Government & Venture): 
Referenced as a 
Weighted Graph 
Linked In 
API157 or 
RDF FOAF 
Graph 
Array, 
Matrix, 
Centrality 
Metrics 
Eigenvalues 
The LinkedIn API Schema is- 
https://code.google.com/p/linkedin-
j/source/browse/trunk/linkedin-
j/core/src/main/resources/com/google/code/linkedi
napi/schema/linkedin-api-schema.xsd 
!  Place (Location): Referenced as a Weighted Column 
Vector (Boundary 
Condition), where, 
 
  The LinkedIn API Schema is- 
https://code.google.com/p/linkedin-
j/source/browse/trunk/linkedin-
j/core/src/main/resources/com/google/code/linkedi
napi/schema/linkedin-api-schema.xsd 
A variety of datasets and big data repositories must be mined to extract the variable elements defined in the 
weighting factor matrices, as delineated in Table 1.  The following maps representative sources to the column 
vectors. 
!! !  Equation!6.1!
Column 
Vector!
Graph 
Array, 
Matrix 
!
http://ec.europa.eu/enterprise/policies/innovation/f
acts-figures-analysis/innovation-scoreboard/ 
 
http://www.globalinnovationindex.org/gii/main/da
tatables.html 
 
http://www.weforum.org/reports/global-
information-technology-report-2013 
 
http://jsr.sagepub.com.libproxy.mit.edu/content/2/
4/307.short Index (World Economic Forum) 
 
http://data.worldbank.org/indicator!!! !  
Equation 6.2.1 Column 
Vector 
Graph 
Array, 
Matrix 
http://ec.europa.eu/enterprise/policies/innovation/f
acts-figures-analysis/innovation-scoreboard/ 
 
http://www.globalinnovationindex.org/gii/main/da
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!
'
! '
 tatables.html 
 
http://www.weforum.org/reports/global-
information-technology-report-2013 
 
http://jsr.sagepub.com.libproxy.mit.edu/content/2/
4/307.short Index (World Economic Forum) 
 
http://data.worldbank.org/indicator !! !  
Equation 6.3.1 Column 
Vector 
Graph 
Array, 
Matrix 
 
http://ec.europa.eu/enterprise/policies/innovation/f
acts-figures-analysis/innovation-scoreboard/ 
 
http://www.globalinnovationindex.org/gii/main/da
tatables.html 
 
http://www.weforum.org/reports/global-
information-technology-report-2013 
 
http://jsr.sagepub.com.libproxy.mit.edu/content/2/
4/307.short Index (World Economic Forum) 
 
http://data.worldbank.org/indicator !! !  
Equation 6.4.1 Column 
Vector 
Graph 
Array, 
Matrix 
 
http://ec.europa.eu/enterprise/policies/innovation/f
acts-figures-analysis/innovation-scoreboard/ 
 
http://www.globalinnovationindex.org/gii/main/da
tatables.html 
 
http://www.weforum.org/reports/global-
information-technology-report-2013 
 
http://jsr.sagepub.com.libproxy.mit.edu/content/2/
4/307.short Index (World Economic Forum) 
 
http://data.worldbank.org/indicator 
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Discussion'
!
Goals'and'Findings'
!
The purpose of the thesis is to propose a new model for describing and analyzing 
innovation cluster dynamics.  It proposes this in the context of prior research and science.  
This new model has been designed to be people-centric, leveraging the power in social 
graphs, and heavily influenced by what Porter calls factor conditions.  In this sense, the 
factor conditions are operationalized using network graph theory and matrix analysis, to 
produce an analytic engine to derive and produce a new form of descriptive tool for 
clusters, the Cluster Rank Engine.   
 
The model proposed also fills in the gaps of the model known as the Triple Helix, by 
adding two critical elements to it, and repositioning the Penta Helix as a more informative, 
descriptive, and predictive analytical modeling tool.   
 
The methods proposed in this thesis have not been specifically discovered in the literature 
review and research phases.  Conceptually, the work of Powell, Murray, all those cited in 
this thesis, and many others, have made use of network graph technologies in the study of 
innovation, ecosystems and clusters.  This thesis provides an integrative synthesis of the 
issues at hand, and manifests its solution in the context of a computer science lens.  It 
works to architect and design a functional platform to carry out the methods proposed in 
the paper.  A purpose of the research for this thesis was to explore the feasibility for the 
architecture, design and launch of a Cluster Rank Engine.  Thus, this thesis informs a 
design process, leading to an application of the technologies researched.  At an application 
level, the integration of large disparate datasets has been underway for many years.  This 
author founded a company for the integration of widely disparate datasets, which had an 
M&A158 transaction with Oracle Corporation, as a foundation for Oracle Fusion.  MIT’s 
DIG159 group works on the research issues continually.  Big Data and the cloud are hot 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
158 (“Comparable to oracle corporation acquired context media inc,” n.d.) 
159 (“Decentralized Information Group,” n.d.) (“Oracle and Context Media,” n.d.) 
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trending topics.  Moore’s law has enabled large compute projects less costly, and the 
advent of cloud based hosting environments such as Amazon cloud services, has made 
access to vast amount of compute horsepower, bandwidth, and storage, more readily 
accessible.160  
 
On'the'Utility'of'the'Cluster'Rank'Engine'
 
Each of the five primary CDI variables graphs, all derived separately from different 
distributed data sources on the Internet; four of which are network graphs, and one of 
which is a location vector for geo-specific weighted graph impact, act and provide 
analytics separately in their own networks.  As such, each has its own adjacency matrices, 
degree centrality, closeness, and betweenness, eigenvector centrality.  Further, the location 
vector, unique to each geography has a weighted graph influence on each of the primary 
graph’s matrices. Each graph in a cluster acts in concert, or at least in proximity with the 
other four primary graphs, all influenced by a common location vector, as shown in the 
diagram below: 
 
 
Figure 21: Four Separate Graphs (Matrices), Weighted by Location Vector 
 
As discussed earlier, the modularity of graph theory and matrix methods, provides the 
ability to bundle and unbundle the components of the innovation cluster ecosystem.  It is 
clear that the five elements, as a system, represent a set of analytics and metrics as a whole, 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
160 (“Amazon Elastic Compute Cloud - Wikipedia, the free encyclopedia,” n.d., “Public Data Sets on Amazon 
Web Services (AWS),” n.d.) 
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each of which has its own set of analytics, and each, in relation to the others, has a derived 
index.  The purpose of the Cluster Rank Engine is to algorithmically determine these 
analytics, and display and report on queries related to the graph relationships.  
 
However, the “unbundling” and re-assembly of these modular components may also 
provide insights about the solidity, resilience, and ultimate quality of the cluster.  One way 
to assess this is to do a combinatorics on each subcomponent with the other.  For example, 
it would provide interesting data to understand the intersection of People with Academia, 
People with Industry, or People with Finance; alone and separate from an analysis of the 
entire ecosystem, or Cluster Rank.  The following diagram depicts this scenario: 
Figure 22: People Graph, individually with respect to each: Academia, Industry, Finance 
 
In this regard, sub-indices can be generated to more deeply describe the integrity of the 
Cluster Rank of the overall ecosystem.  Comparatively, this modularity allows one to 
assess the strength of ties between the diverse groups.  As before, separate analytics and 
metrics can be derived for each one of these unbundled scenarios: once again, degree 
centrality, closeness, and betweenness, eigenvector centrality.  Note that this approach 
assumes there will be some intersection between the separate graphs, e.g., the People graph 
will have connections inside the Academia Graph, the Industry Graph, the Finance Graph.  
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With this as an assumption, these overlapped connections could be calculated using what is 
known as clique algorithms161.  In this regard, the individual graphs would be viewed as 
sub-graphs of the overlapped intersections.  The following diagram depicts the scenario 
where the academia graph is analyzed with respect to the graphs of people, industry, and 
finance.   As so on: 
!
Figure 23: Academia Graph, individually with respect to each: People, Industry, Finance 
'
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
161 (Mokken, 1979)(“Clique problem - Wikipedia, the free encyclopedia,” n.d.) 
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!
Figure 24: Industry Graph, individually with respect to each: People, Academia, Finance 
 
 
 
Figure 25: Finance Graph, individually with respect to each: People, Academia, Industry 
!  
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'
Each unbundled “slice” of the innovation cluster’s interaction density can then be 
displayed, as well, for visualization purposes using the CDI Cluster Rank visualization 
engine, as depicted in Figure X: Systems Level Schematic of Cluster Rank Engine.   
 
 
'
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
! '
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Future'Work'
!
This thesis, and the research revealed that the surface has only been scratched, through the 
lens of applying graph based analysis to the problems inherent in cluster formation, cluster 
dynamics, and the formation of new IDEs.  The work is important, in the sense that at the 
heart of economic growth, i.e., the future economic sustainability of countries, is the ability 
to foster innovation, generate new companies that provide value.  This work was 
undertaken with that mind set.  What can be done to provide “instrumentation” to a vastly 
complex process, so as to better understand its mechanics, its innerworkings, etc., with an 
eye to improving the functioning of the economic engines of growth, innovation clusters, 
and IDEs.   
 
The following is a list of potential future work.  It is written in the time constraints of this 
thesis and is by no means exhaustive.  Future work is most certainly possible in the realm 
of 
 
• Development of a Reference Model 
o A reference model could be developed as a benchmarking tool.  For 
example, Silicon Valley could be modeled at a cluster level (summing up its 
individual discrete application specific clusters), and given a reference 
value.  Then, it could be used in benchmarking analyses for other 
geographies in the same sector(s), thereby providing comparative analytic 
tools to assess what is missing. 
• Use of Silicon Valley or MIT Kendall Square as Reference Indicators 
• Historical Analytics 
o It is proposed to run the Cluster Rank Engine in real time, and over time 
aggregate analytics on the universe of clusters globally.  Taking time slices 
of t=0 (now) and t=one year out, would provide solid economic data which 
more deeply documents economic growth.   
o From this, various new functions could be derived, e.g., ascent and descent 
velocity of a sector, acceleration and deceleration in a market, market 
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“viscosity” (the comparisons of the Penta Helix attributes, on a by sector 
basis, could provide the equivalent of a “viscosity index” for a geography, 
which would be described as the time-based ability to “get innovation 
done.”  This would then enable the derivation of a “Reynolds number” for 
economic development, providing a key indicator for a region’s ability to 
innovate. 
o Real time based modeling (reference Rigobon’s billion prices project) 
• Develop Cluster Ranks for Other Documented Innovation Clusters 
• Comparative Visualizations 
• Injection of Policy Vector: It’s clear that policy decisions in regions and nations 
have an effect on cluster formation.  The intent for the Policy Vector would be to 
define (a) a Policy Graph, which identifies the actors involved in the Policy 
decision, (b) analyze its CDI levels with regards to the five primary Penta Helix 
variables, (c) determine affectivity of policy injection, timing, and focus points, 
e.g., at the funding level, location infrastructure, etc.   
• “Shocks”: Using a variety of graph techniques, e.g., “cuts,” would could inject 
different weighted graph effects into a cluster, which would enable analytically 
driven comparisons vis-à-vis the status quo, and/or other comparable cluster 
environments.  This, in its utility, becomes a “scope” on the diagnostics leading to 
prescriptive solutions, or at least, increasing the odds that the shock to the cluster 
was applied in the right place, e.g., funding, location infrastructure, new research 
institutions, more startups, etc.   
!
!
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Appendix'
!
The'Amsterdam'Region'as'a'Penta'Helix'Example:'A'Case'Study'
!
The Amsterdam region has been reviewed through a Penta Helix lens, with this analysis 
representing a pre-Cluster Rank analysis.  The purpose for this assessment is to document 
the anecdotal and observational data on Amsterdam, so as to verify and validate it at a later 
date using the Cluster Rank Engine.  Preliminary analysis has been performed, which shall 
be presented in this Appendix as well.  
Concurrently, the Netherlands has a large body of research on its clusters, most being 
analyzed through a Porterian lens.  One specific study looks at the IT industry clusters in 
the Netherlands and performed a comparative analysis,162 and has a similar conclusion to 
this writer: Amsterdam is well positioned as a leading cluster for a creative class economy 
in IT.  At the root of the Dutch approach is the Triple Helix163, identified as the strategic 
direction for the Netherlands and later discussed as a strategic framework in a paper by 
Victor Gilsing.164 
At a summary level, The Penta Helix165 review of the Amsterdam region is rooted in the 
experiential observations and entrepreneurial intuition sensed when one is in Amsterdam.  
The feeling one has is very akin to the way Silicon Valley felt during the early days of the 
Internet166.  There was a buzz, people were moving there, it was exciting, new companies 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
162 “The Triple Helix (TH) model emerged from a workshop on Evolutionary Economics and  
Chaos Theory: New Directions in Technology Studies (Leydesdorff & Van den Besselaar,  
1994) organized with the intention of crossing the boundaries between institutional  
analysis of the knowledge infrastructure, on the one hand (e.g., Etzkowitz, 1994), and  
evolutionary analysis of the knowledge base of an economy, on the other (David & Foray,  
1994; Nelson, 1994).(Hulsink et al., 2003) 
163 (Etzkowitz & Leydesdorff, 2000) 
164 (Gilsing, 2001) 
165 The term “Penta Helix” was first coined by Daan Archer, Fulbright Scholar and MIT Sloan Fellow 2013, 
during a discussion in late 2012 with this writer regarding the structural holes in the Triple Helix model. 
166 This observation is based on my personal experience as an entrepreneur, spending significant time in 
Silicon Valley, and Amsterdam: 
Bio of Dan Harple- Entrepreneur, inventor and founder/CEO/Chairman of five companies, private and 
public (NASDAQ). He's committed his career to real time collaboration technologies. He’s been behind 
core technology and a range of patents that are some of the most cited for: VoIP, streaming media, real 
 149 
were forming: there was a community.  As the Internet grew, and into the bubble, the 
community lost its sense of spirit and wholeness.  It became the Mecca for those seeking 
fortune, whereas prior it was the Mecca for those seeking to change the world.  The purity 
of vision that spawned the great companies in that era is now palpably felt in Amsterdam.  
At the same time, the negative effects noted by Marshall167, and Florida168 regarding culture 
manifest themselves there, and perhaps provide some explanation for this impression.   
This is the feeling on the ground now, in Amsterdam.  The freedom and liberty Amsterdam 
has been historically known for, its genetic trait of accepting new ideas and concepts, is 
now spawning a nexus cluster for technology innovators, eager to work in new close-knit 
collaborative groups169.  Great movements often manifest themselves with a surge toward a 
nexus center.  This is a natural phenomenon for social and political movements, and, it is 
also a natural phenomenon for technological innovation movements.  
The web has changed the world in many ways. There is now global access to platform 
infrastructures, high bandwidth, and cheap development tools has radically decentralized 
the creation and development of great ideas.  No longer do smart people think they must 
travel to one single place to collaborate with other innovators with access to the tools 
required to build great technology companies, i.e., Silicon Valley.  Clusters of innovators 
are forming around technical and social fabrics that support open and freethinking.  The 
scale of Amsterdam reduces friction for frequent and open collaboration; clusters of 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!
time web communications, shared screens/whiteboards, collaborative computing, and location-based 
social media.  
 
If you’ve used Netscape (Conference, CoolTalk, Media server), Oracle Fusion, Oracle Collaboration 
Suite, Skype, WebEx, GoToMeeting, YouTube, or Sina weibo, among others, Dan’s technology influence 
has touched your life.  
http://www.dlhsport.com  
http://en.wikipedia.org/wiki/Dan_Harple  
 
167 The exhaustion of the original conditions, and the ill conceived Victorian heredity of believing themselves 
technically superior to any international competitor, meant that local entrepreneurs missed the radical change 
of global competitive conditions whose consequence, in the absence of any positive reaction, was the 
unceasing collapse of the Lancashire district and of many British industrial districts. (Belussi & Caldari, 
2009) 
168 The Florida-defined “Creative Class” in Silicon Valley and Super Creative core are primary drivers of the 
Silicon Valley momentum.   
169 Data from the Dutch Chamber of Commerce, the KvK (Kamer van Koophandel) shows over 1,000 
startups in the Amsterdam region, a number far higher than that reported in Berlin, or London Tech City.   
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startups and universities, all within a short biking distance, has created a culture of tech 
openness and collaboration, heretofore unseen even in Silicon Valley.  Less friction, more 
innovation, is the anecdotal assessment.  The open and free DNA spirit of the Amsterdam 
culture has also seeded a vibe in the city that is about creating great products that change 
the world.  The core values seen in Silicon Valley in the earlier phases of the web, as noted 
above, are now in the Amsterdam hacker/founder/entrepreneur DNA.   
From a Penta Helix lens, the following points are apparent: 
• Amsterdam is emerging as the “European Union Nexus” for technology innovation, 
comparable to the Silicon Valley of the early 90’s,  
• People:   
o Start-up activity is accelerating, creating a dense ecosystem of 
entrepreneurs, engineers, and innovators.  Engineers from other areas, e.g., 
Barcelona, Brussels, Berlin, come to Amsterdam because of its low friction 
approach to innovation, common English speaking culture, infrastructure, 
etc., 
o A large highly skilled labor force is in place to grow companies once 
funded, with fully loaded costs for engineers cheaper than that in 
comparable US markets, and, a closer source to even less costly engineering 
talent in eastern Europe and Russia. 
• Place:   
o It is a regional movement, generating an “Amsterdam Arc” of activity, with 
an area similar to the physical geo-footprint of Silicon Valley, bolstered by 
the Netherlands highly efficient railway, transportation systems, and eco-
green pervasive use of bicycles.  This arc encompasses the entire 
Netherlands, into Belgium and western Germany. 
o Independent incubators and accelerators are increasing, on a near monthly 
basis, offering a new model for today’s hacker ethic- cheap space, a 
common gezellig “Dutch lunch” served together collaboratively, lots of 
bandwidth,  
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o The Netherlands boasts the world’s highest broadband Internet penetration 
rate with 40 subscriptions per 100 population, the second-highest 
percentage of computer ownership (92 percent of households), and third-
highest percentage of individuals using the Internet (90.1 percent). The 
country’s best rank is achieved in the economic impacts pillar (4th), thanks 
to the high share of knowledge-intensive jobs in the economy—almost 50 
percent, the third highest in the world—and the country’s knack for 
innovation, as reflected in the fifth-highest ratio of ICT-related patent 
applications per capita. (World Economic Forum) 
• Academia:   
o Dutch universities generate solid intellectual property and patent 
opportunities in their specific domains, but are hampered by their current 
patent and licensing models.  
• Funding:   
o Angel and seed investors are supporting the early stage ecosystem, enabling 
startups, and their bootstrap culture to get to prototypes,  
o Next stage growth (Series A or Series Seed) venture firms are not prevalent 
in the market, leaving an enormous opportunity unserved.   
• Industry & Government 
o The Netherlands has established itself as a global leader in the digital 
economy.  For US companies and/or investors, it represents the ideal 
beachhead for a EU and global presence.  A combination of factors make 
this so: world leading transportation infrastructure, world leading digital 
infrastructure, access to high levels of entrepreneurs and innovative 
startups, large amounts of highly educated people, a culture which accepts 
and cultivates innovation and new thinking, green and sustainable thinking 
is advanced, globally advantageous corporate structuring and tax 
provisioning, and, large amounts of affordable space for new companies to 
grow.  Finally, the Netherlands is truly international.  English is spoken 
fluently and by over 90% of the country, and most people speak a minimum 
of 3-4 languages.  Simply stated, the fundamental language and 
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understanding barriers of making a beachhead for high tech entrepreneurs in 
a city like Berlin are non-existent in Amsterdam.   
 
Early'Stage'Cluster'Rank'Engine'Prototype'
 
Initial work has been performed for this thesis, to begin to more analytically understand the 
Amsterdam innovation cluster scene.  The research highlighted that the Amsterdam 
Randstad regions hosts over 1,500 software firms and over 100 networking security firms 
in the Amsterdam region: 
 
 
Figure 26: Netherlands Chamber of Commerce Data170 
 
 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
170 (“Chamber of Commerce,” n.d.) 
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Sample'Cluster'Rank'Engine'Prototype'Visualization'
!
For the purpose of prototyping the Cluster Rank Engine, sample code was written to zoom 
in on a geographic sector, and aggregate data for a sample dataset.  That effort ingested 
data and assembled a graph-based sample with 740 nodes, and 691 edges, with the 
following visualization: 
 
Figure 27: Sample dataset on Amsterdam cluster, using Prototype Cluster Rank Engine 
 
Although this is just a simple sample, note that the graph-based assembly of relationships 
using a draft ontology produced reasonable first-pass results.  The ontology was simple: 
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investors, startups, Accelerators, and People.  As the algorithms are in development, and 
the actual code is not within the scope of the thesis, it is important to note that this effort 
was produced as a basic proof point for the CDI method.171   
 
'
! '
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
171 Thanks to Arpad Gerecsey and Daan Archer for their collaboration. 
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LinkedIn'Company'Level'API'Calls'
 
Company'Lookup'API'and'Fields'
The Company Profile API: 
 Retrieves and displays one or more company profiles based on the company ID or universal name. 
 Returns basic company profile data, such as name, website, and industry. 
 Returns handles to additional company content, such as RSS stream and Twitter feed. 
Now you can learn all about the companies related to the members using your application. So, not only can 
you display their profile, but also information about their employer. 
Hacker'Summary'
GET http://api.linkedin.com/v1/companies 
Usage!
Authentication 
You must use an access token to make an authenticated call on behalf of a user 
Throttle Limits 
Please reference the limits applied to this API 
Overview!
Use the Company Profile API to find companies using a company ID, a universal name, or an email domain. 
You can retrieve data for individual or multiple companies. The API returns a list of companies with 
matching profiles. Each entry can contain the basic company information available in the company profile 
(such as company ID, logo, site URL, and more) and handles to additional company content (such as RSS 
stream or Twitter feed). 
Here are a few examples showing how to use the basics of the Company Profile API. For example, retrieve a 
company by using the company ID. This returns a single company if found. 
GET http://api.linkedin.com/v1/companies/162479 
<?xml version="1.0" encoding="UTF-8" standalone="yes"?> 
<company>   <id>162479</id>   <name>Apple</name> </company>  
You can retrieve an id for a company using member profile calls, such 
as http://api.linkedin.com/v1/people/~:(first-name,last-name,headline,positions:(company:(name,id))). 
Retrieve a company by universal-name. 
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GET http://api.linkedin.com/v1/companies/universal-name=linkedin 
<?xml version="1.0" encoding="UTF-8" standalone="yes"?> 
<company>   <id> 1337</id>   <name>LinkedIn</name> </company>  
Use the email-domain collection filter to get all matching companies. 
GET http://api.linkedin.com/v1/companies?email-domain=apple.com 
This returns an array of companies that match to the specified email domain. 
<?xml version="1.0" encoding="UTF-8" standalone="yes"?> <companies 
total="2">   <company>    <id>162479</id>    <name>Apple 
Inc.</name>   </company>   <company>    <id>1276</id>    <name>Apple 
Retail</name>   </company> </companies>  
You can make a bulk request and mix ID and univeral-name. This returns a list of companies that match the 
keys provided. 
GET http://api.linkedin.com/v1/companies::(162479,universal-name=linkedin) 
<?xml version="1.0" encoding="UTF-8" standalone="yes"?> 
<companies total="2">  <company 
key="162479">    <id>162479</id>    <name>Apple</name>   </company>   <company 
key="universal-name=linkedin">    <id> 1337</id>    <name>LinkedIn</name>   </company> 
</companies>  
You can also fetch a list of all companies the authenticated user is an administrator of 
GET https://api.linkedin.com/v1/companies?is-company-admin=true 
1 2 3 4 5 6 7 8 9 10 
11  
<?xml version="1.0" encoding="UTF-8" standalone="yes"?> <companies 
total="2">   <company>     <id>123456</id>     <name>Test Company 
1</name>   </company>   <company>     <id>1337</id>     <name>LinkedIn</name>   </company> 
</companies> 
Input'Values'
The following tables list the input values used to retrieve company information. You must use at least one 
value to retrieve data. 
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Keys!
The following input values are key values. Keys return data for a single company. The keys use the following 
syntax:companies/<key>. 
Parameter Required Definition 
universal-name N The unique string identifier for a company. 
id N The unique internal numeric company identifier. 
Filters!
The following input value is a collection filter. Collection filters return an array of company records. The 
filter uses the following syntax: companies?<filter>. 
Parameter Required Definition 
email-domains N Company email domains. 
Unless otherwise specified: 
 All input is case insensitive. 
 Multiple words should be joined using a space. Because you need to URL encode input, this translates 
to %20. For example, Apple%20Inc. 
 When you pass in multiple words, we search for that complete string. 
 Wildcards and Boolean logic is not supported (for example: *, ?, AND, and OR). 
Output'Fields'
The following fields are returned by default: id and name. Use Field Selectors to retrieve the additional fields 
listed below. For example: 
GET http://api.linkedin.com/v1/companies/1337:(id,name,ticker,description) 
Parameter Definition 
id Default. The unique internal numeric company identifier. 
name Default. The human readable name of the company. 
universal-name The unique string identifier for a company. 
email-domains Company email domains. 
company-type 
Type of company. Valid values are: 
 C ("Public Company") 
 D ("Educational") 
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 E ("Self Employed") 
 G ("Government Agency") 
 N ("Non Profit") 
 O ("Self Owned") 
 P ("Privately Held") 
 S ("Partnership") 
Use this field instead of the deprecated type field. 
ticker 
Company ticker identification for the stock exchange. Available only for public 
companies. 
website-url Company web site address. 
industries 
A collection containing a code and name pertaining to the company's industry. 
See Industry Codes for the list of industries available. 
status 
Company status. Valid values are: 
 OPR ("Operating") 
 OPS ("Operating Subsidiary") 
 RRG ("Reorganizing") 
 OOB ("Out of Business") 
 ACQ ("Acquired") 
logo-url URL for the company logo in JPG format. 
square-logo-url URL for the company logo in a square format. 
blog-rss-url URL for the company blog. 
twitter-id Handle for the company Twitter feed. 
employee-count-range 
Number range of employees at the company. Use this field instead of the 
deprecated size field. Valid values are: 
 A:1 
 B: 2-10 
 C: 11-50 
 D: 51-200 
 E: 201-500 
 F: 501-1000 
 G: 1001-5000 
 H: 5001-10,000 
 I: 10,000+ 
specialties Company specialties. Retrieves information from string input. 
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locations Company location. 
locations:(description) Description of company location. 
locations:(is-headquarters) 
Valid values are true or false. A value of true matches the Company headquarters 
location. 
locations:(is-active) 
Valid values are true or false. A value of true matches the active location. 
locations:(address) Address of location. 
locations:(address:(street1)) First line of street address of location. 
locations:(address:(street2)) Second line of street address of location. 
locations:(address:(city)) City for location. 
locations:(address:(state)) State for location. 
locations:(address:(postal-code)) 
Postal code for location. Matches companies within a specific postal code. Must be 
combined with the country-code parameter. Not supported for all countries. 
locations:(address:(country-code)) Country code for location. Matches companies with a location in a specific country. 
locations:(address:(region-code)) Region code for location. 
locations:(contact-info) Company contact information for the location. 
locations:(contact-info:(phone1)) Company phone number for the location. 
locations:(contact-info:(phone2)) Second company phone number for the location. 
locations:(contact-info:(fax)) Company fax number for the location. 
description Company description. Limit of 500 characters. 
stock-exchange Stock exchange the company is in. Available only for public companies. Valid values 
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are: 
 ASE (1, "American Stock Exchange") 
 NYS (2, "New York Stock Exchange") 
 NMS (3, "NASDAQ") 
 LSE (4, "London Stock Exchange") 
 FRA (5, "Frankfurt Stock Exchange") 
 GER (6, "XETRA Trading Platform") 
 PAR (7, "Euronext Paris") 
founded-year Year listed for the company's founding. 
end-year Year listed for when the company closed or was acquired by another. 
num-followers The number of followers for the company's profile. 
Sample'Output'XML'
<?xml version="1.0" encoding="UTF-8" standalone="yes"?> 
<company>   <id>1337</id>   <universal-name>linkedin</universal-
name>   <name>LinkedIn</name>   <ticker>LNKD</ticker>   <logo-
url>http://media.linkedin.com/mpr/mpr/p/2/000/072/3f9/35d2127.png</logo-
url>   <description>LinkedIn takes your professional network online, giving you access to people, 
jobs and opportunities like never before. Built upon trusted connections and relationships, LinkedIn 
has established the worlds largest and most powerful professional network. Currently, more than 200 
million professionals are on LinkedIn, including executives from all five hundred of the Fortune 500 
companies, as well as a wide range of household names in technology, financial services, media, 
consumer packaged goods, entertainment, and numerous other industries. LinkedIn is backed by 
world-class investors including Sequoia Capital, Greylock, the European Founders Fund, Bessemer 
Venture Partners, Bain Capital, Goldman Sachs, SAP Ventures, and The McGraw-Hill 
Companies</description>   <company-type>     <code>P</code>     <name>Privately 
Held</name>   </company-type>   <industries total="1">     <industry>       <code>6</code>       
<name>Internet</name>     </industry>   </industries>   <size>501-1000</size>   <specialties 
total="8">     <specialty>Online Professional 
Network</specialty>     <specialty>Jobs</specialty>     <specialty>People 
Search</specialty>     <specialty>Company Search</specialty>     <specialty>Address 
Book</specialty>     <specialty>Advertising</specialty>     <specialty>Professional 
Identity</specialty>     <specialty>Group Collaboration</specialty>   </specialties>   <blog-rss-
url>http://feeds.feedburner.com/LinkedInBlog</blog-rss-url>   <twitter-id>linkedin</twitter-
id>   <square-logo-url>http://media.linkedin.com/mpr/mpr/p/3/000/072/3db/1283f2d.png</square-
logo-url>   <locations total="15">     <location>       <address>         <street1>2029 Stierlin 
Court</street1>         <city>Mountain View</city>         <postal-code>94043</postal-
code>       </address>       <contact-info>       </contact-
info>     </location>     <location>       <address>         <street1>2126 N 117th 
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Ave</street1>         <city>Omaha</city>         <postal-code>68164</postal-
code>       </address>       <contact-info>         <phone1>(402) 452-2320</phone1>       </contact-
info>     </location>     <location>       <address>         <street1>15 Shady Brook 
Lane</street1>         <city>Belmont</city>         <postal-code>02478</postal-
code>       </address>       <contact-info>       </contact-
info>     </location>     <location>       <address>         <street1>2126 N 117th 
Ave</street1>         <city>Omaha</city>         68164</postal-code>       </address>       <contact-
info>         <phone1>(402) 452-2320</phone1>       </contact-
info>     </location>     <location>       <address>         <street1>2029 Stierlin 
Court</street1>         <city>Mountain View</city>         <postal-code>94043</postal-
code>       </address>       <contact-info>       </contact-
info>     </location>     <location>       <address>         <street1>2029 Stierlin 
Court</street1>         <city>Mountain View</city>         <postal-code>94043</postal-
code>       </address>       <contact-info>       </contact-
info>     </location>     <location>       <address>         <street1>30 S. Wacker 
Drive</street1>         <city>Chicago</city>         <postal-code>60606</postal-
code>       </address>       <contact-info>       </contact-info>     </location>   </locations>   <founded-
year>2003</founded-year>   <email-domains total="1">     <email-domain>linkedin.com</email-
domain>   </email-domains>   <website-url>http://www.linkedin.com</website-
url>   <status>    <code>OPR</code>    <name>Operating</name>   </status>   <employee-count-
range>     <code>F</code>     <name>501-1000</name>   </employee-count-range> </company> 
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